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Our new MASM 5.1 gives 
you two things prie never had 
in a macro assembler. 

MS OS/2 and spate time. 



DATA SEGMENT WORD PUBUC DATA' 

"DATA E(DS 

DGROUP GROUP _DATA _ 

TEXT SEGMENT WORD PUBLK- CODE 

ASSUME CSJEXT.DS DGROUP 

PUBLIC _SbiftNsum 

_ShlttNsum PROC NEAR 

push bp 

mov bp.sp 

sub sp. 2 

push CX 

mov WORD PTR [bp-2].0 

mov Cx.WORD PTR [bp+4] 

Sumip mov Ax.[BP+b] 


stack frame wtfh 


3»ack and return 


ShiftNsum endp 
*TEXT ends 
end 


DATA 

WORD PUBLIC CODE 
CS • JEXT.DS DGROUP.SSDGROUP 
ShiftNsum 
NEAR 

bp set i 

bp.sp 

a 2 

WORD PTR [bp-21.0 ck* 

Cx. WORD PTR [bp+4) fete 

Ax, [BP+6] 

Ax,cl • dot 

'WORD PTR [bp-21.ax 

Sumip 

Ax.WORD PTR [bp-21 

CX • 

sp.bp 

bp • res 


one local variable [bp-21 
, save CXused during routine 
clear local variable 
. fetch number of sums 


The old way: slow, cumbersome coding. 



The new way: time off for good behavior. 


As a professional programmer you know how 
fast MASM subroutines make your programs 
run. But you’ve also had to pay the price of cum¬ 
bersome coding. 

WithMicrosoft® Macro Assembler version 5.1, 
you get ease and speed. Starting with our Mixed 
Language Programming Guide that teaches you 
how to call MASM subroutines from your high- 


levelprograms. To the PROC directive that makes 
it as easy to pass parameters to an assembler 
subroutine as it is in high-level languages. Plus 
you get our easy-to-use “fffl-m-the-blanks” tem¬ 
plate programs. 

In addition to MS-DOS® support, MASM 5.1 
has full MS® OS/2 support that lets you do things 
like break the 640K barrier, create multithreaded 
applications and Dynamic Link Libraries. And 
you get a complete set of high-octane development 
tools thatlets you workfaster under both environ¬ 
ments. As well as 
the reconfigurable 
Microsoft Editor, a 
high-speed linker and 
new incremental 
linker for MS OS/2. 

And the renowned 
Microsoft CodeView® 
window-oriented 
source-level debugger 
that lets you blaze 
through debugging. 

For the details, 
check the techbox. For 
more information, call 
(800) 541-1261, Dept. 

117. And learn how 
today’s new Microsoft 
MASM is so fast and 
easy it comes with the 
following offer. 

The night off. 

Microsoft* 

© 1988 Microsoft Corporation. Microsoft, the Microsoft logo. MS, MS-DOS and CodeView are 
registered trademarks of Microsoft Coiporation. 


Microsoft Macro Assembler 
Version 5.1 for 
MS OS/2 and MS-DOS 

Mixed-Language Programming Support and 
Documentation 

• Mixed-Language Programming Guide with step- 
by-step examples. 

• MASM templates for interfacing to BASIC, C, 
FORTRAN, and Pascal. 

• Sample macros for interfacing for DOS and OS/2 
systems. NEW! 

• Simplified segment directives make writing 
MASM subroutines easy. 

• Comprehensive instruction set reference with 
examples. 

• Programmer’s Guide - complete guide to MASM 
features and instruction set. 

Macro Assembler for MS OS/2 and MS-DOS 

• Full MS OS/2 support to break the 640K barrier. 
NEW! 

• Supports the 80386 and 80387 instruction set. 

• Assembles 25-40% faster than MASM 4.0. 

• Have labels local to a procedure. NEW! 

• Declare stack based local variables within a pro¬ 
cedure. NEW! 

• OS/2 systems incremental linker - up to 20 times 
faster than a full link. NEW! 

Microsoft CodeView Window-Oriented Debugger 
and Microsoft Editor 

• Full OS/2 systems support. NEW! 

• Debug MASM code using original source code 
with your comments. 

• Interactively view structures and chase linked 
lists. NEW! 

• Take advantage of the 80386. 

• Set dynamic breakpoints, watch variables, 
memory, registers and flags. 

• MS OS/2 and MS-DOS reconfigurable pro¬ 
grammer’s editor. NEW! 






INTRODUCING RICOH G-ISAM 


RICOH’S NEW G-ISAM STREAMLINES THE DEVELOPMENT 
OF APPLICATION PROGRAMS 


FILE LIBRARY STRUCTURE FACILITATES 
APPLICATION PROGRAMMING 

G-ISAM is a file management library that permits fast yet 
simple manipulation of data by application programs. G- 
ISAM is written in the language C and can be linked with 
application programs by the user. 

HIGHLY EFFICIENT PERFORMANCE IN NUMEROUS 
ENVIRONMENTS 

G-ISAM is an extremely flexible system in that it offers 
operational simplicity, high efficiency and the same func¬ 
tions in numerous environments, including MS-DOS with 
Microsoft C Compiler, UNIX 4.2BSD and 4.3BSD, and 
System V. 


DUAL-LEVEL INTERFACE OFFERS EASE OF USE AND 
GREATER CONTROL 

One of G-ISAM’s most exceptional features is a dual-level 
interface that offers ease of use and greater control. For 
easier operation, select the upper-level ISAM interface, 
which updates the index automatically. If greater control 
and faster manipulation are required, choose the lower-end 
B-tree/record file interface. 

NETWORK ENVIRONMENTS 

In MS-DOS and UNIX environments, concurrent access to 
data files may occur on multi-user systems. G-ISAM’s lock¬ 
ing feature prevents simultaneous retrieval and manipula¬ 
tion of data files. 


REMARKABLY BALANCED PERFORMANCE ENSURES 
GREATER APPLICATION PROGRAMMING CAPABILITY 

Increases in data volume do not penalize 
processing speed 

To facilitate programming efficiency, Ricoh’s G-ISAM ensures top 
processing speed even when substantial amounts of data are 
stored. 

Ease of programming is assured—there is 
no need to worry about files 

The upper-level ISAM interface is particularly convenient, since 
the user can simply concentrate on programming without having 
to monitor file structure details. 

Well organized interface 
prevents misprogramming 

G-ISAM is exceptionally consistent, with style common to all in¬ 
terfaces. Its power is accessible to even the first-time user. 


Utilities assure simple file maintenance 

Utilities for file recovery and dumping are provided as part of the 
G-ISAM package. If data modification is ever required, G-ISAM 
permits easy restructuring of the index in accordance with the new 
format. 

G-ISAM is a complete system that 
delivers superior cost-effectiveness 

In addition to offering outstanding performance, Ricoh’s G-ISAM 
is also highly cost-effective. This well-balanced performance 
makes G-ISAM a particularly smart choice for application program¬ 
ming. 



nn 
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SPECIFICATIONS 


Data Types 

2-byte integer 

4-byte integer 

4-byte floating-point number 
8-byte floating-point number 
n-bit string row (1-120 bytes) 

Retrieval Conditions 

= =,<=,>=, <, >, first, 
last, current, next, previous 

Maximum record number 

2 billion approximately 

Maximum record length 

32,767 bytes 

Maximum key length 

120 bytes 

Number of indexes 
definable in one ISAM file 

16 

Number of ISAM files/ 
indexes that can be 
opened simultaneously 

Variable 


UTILITIES 


recdump 

Dumps record file 

bdump 

Used to dump data in B-tree 
or to check structure 

isdump 

Dumps ISAM file header 

Idump 

Dumps lock file 

mkbtree 

Compresses record file and 
recomposes B-tree file 

clrindex 

Clears index from ISAM file 
header 


OPERATING ENVIRONMENTS 

• MS-DOS® (Microsoft C) 

IBM PC-XT/AT 1 , Compatibles Product names and brands men- 

• UNIX 3 tioned herein may be trademarks 

. and/or registered trademarks of 

Sun Workstations their respective companies. 

NOTE: To inquire about our introductory offer, or for more 
information on availability of additional operating environments 
and OEM sales please contact us. 

Phone 408-562-6349 Fax 408-562-6358 


RICOH Corporation 

5201 Great America Parkway, Suite 455 
Santa Clara, CA 95054 
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Neuron Data's Nexperl Object 112 


COVER SUITE: 
EXPLOITING 
THE VGA 


Product reviews: 
IBM PS/2 Display 
Adapter 
Compaq Video 
Graphics Controller 


THE VGA COMPATIBILITY TEST 

ED MCNIERNEY and KENT QUIRK 
Not all VGA-compatible boards are alike. Some are more 
compatible than others. How can you determine which of 
the multitude of boards on the market will run with your 
applications? To answer this question, PC Tech Journal 
developed a set of compatibility tests that exercise the 
documented features of the standard VGA at the BIOS and 
register levels. We present the tests here and try them out on 
IBM’s PS/2 Display Adapter and Compaq’s Video Graphics 
Controller. Neither board posts a perfect score, though the 
problems are minor. The source and executable code for 
the tests are available on PCTECHline. 


48 


PIXEL PANNING AND SPLIT SCREENS 

RICHARD WILTON 

With a little hardware programming, developers can take 
advantage of two features of the VGA heretofore ignored. VGA 
hardware supports pixel-by-pixel panning and split-screen 
displays, both of which can result in not only impressive demo 
programs and special effects, but also practical enhancements 
to applications. Proper programming of these capabilities in 
both alphanumeric and graphics modes results in smoothly 
animated text and graphics. We show you how to program 
these features to your best advantage. 


62 


WE RE LOOKING FOR A FEW GOOD PRODUCTS v 

It’s an election year—time to elect 
a president, congress, county 
'commissions, city councils, hardware, 
and software. In appreciation of the 
electoral process, PC Tech Journal 
asks its readers to cast their votes for 
the products that have served them 
best. Your ballot is this month’s Reader Opinion Card, bound 
in between pages 8 and 9- This is one election in which 
substance will count more than charisma. Qualified candidates 
are those products that thoroughly understand the issues of the 
task before them. The winners and their backers will be duly 
honored in a future issue. Don’t forget to vote. 
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OPERATING 

.EXE FILES, OS/2 STYLE 

DAVID A. SCHMITT 

Executable files are more complex under OS/2 than DOS. We 
map out the format of an .EXE file and guide you through its 
internals. We show you how an OS/2 .EXE file supports family , 

mode and how the OS/2 loader resolves the dynamic link. 7 0 


LOCAL AREA 

BRIGHT LIGHTS, FAST LANs 

ALAN C. WU 

Network cabling technology waits for no one. Optical fiber 
offers faster, longer, more reliable networks for the future than 
copper-based media. With an ANSI standard and commercial , 

implementations on their way, the future is close by. 7 O 


EXPERT SYSTEM ON-CALL 

TOM ARCIDIACONO 

Neuron Data’s Nexpert Object is a particularly successful 
example of the latest trend in expert-system shells— 
integration into conventional software packages. A sample 
application demonstrates how Nexpert works. 112 

SYSTEMS 

Product review: 

Nexpert Object 

MONTHLY 

COLUMNS 

SYSTEMS PERSPECTIVE 

Dangerous Dependencies, /juue anderson 
“Preamroncing a pfoducTis fine—as long as promises are 
kept. Otherwise, the developer is beholden to the vendor. 7 


NEW DIRECTIONS 

Compaq’s First True Porlable/mu. fastie 

Was Compaq just waiting until it could make the perfect 

laptop? Fastie gets an early look and casts a discerning eye. 2 3 

OUTFITTING THE END USER 

Desirements and Dreamslmmi c. coffee 

Designing a system from ground zero means distinguishing 

between what users need and what they merely wish for. 151 


DEPARTMENTS 


15 LETTERS 

Compiler in the rough; 

Users unite. 

38 TECH RELEASES 

Compaq shrinks 20-MHz 386; 
PS/2 models 50 and 60 get 
memory boards from Tall 
Tree; Intel’s Above Board Plus 
supports EMS 4.0; Emerald 
Systems offers IAN data 
backup; Norton Utilities 
compatible with DOS 4.0; 
Borland enhances Turbo 
Pascal and C, announces 
Turbo Assembler and Turbo 
Debugger; and more 

137 PRODUCT WATCH 

Token-Ring Cabling System 
Planner helps network 
designer through the early 
planning stages; 

Key works keyboard enhancer 
offers macro language. 

143 TECH NOTEBOOK 

VGAZOOM program doubles 
number of pixels displayed 
on the VGA screen. 

156 DIRECT ORDER EXPRESS 

159 TECH MARKETPLACE 

170 INDEX TO ADVERTISERS 

171 INDEX TO PRODUCTS 

172 PROFESSIONAL 
VIEWPOINT 

Readers search for key to 
streamlined development. 

173 READER SERVICE CARD 


Cover illustration • Andy Levine 

























BUGS 

Search & Destroy 



Quaid Analyzer is the ultimate diagnostic 
tool for the expert programmer. 

With Quaid Analyzer you can trace any 
software without source code; monitor any 
interrupt; scroll through memory; debug code 
written in any language; easily change values 
in memory, registers and at i/o ports. And you 
never need to type a command! 

Now you can have the same powerful tool 
used to develop CopyWrite. Quaid Analyzer. If 
you need to search and destroy bugs - fast. 

To order Quaid Analyzer, call us with your 
credit card, or send us a check for $200 US 
funds. We ship within a day at our expense. 




Quaid Software Limited 
Third Floor, Dept. T641 
45 Charles St. E. 
Toronto, Ontario 
Canada M4Y1S2. 

(416) 961-8243. 
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MAJOR CREDIT CARDS ACCEPTED 


...Gives you all the right stuff for debugging! No 
matter which model you pick, you have the 
same powerful software to help you track down 
hard-to-find bugs fast 


It helps you debug just about any kind of program you can write... thoroughly and 
efficiently. 

Periscope’s the answer for debugging device-drivers, memory-resident, non-DOS, and 
interrupt-driven programs. Periscope works with any language, and provides source and/or 
symbol support for programs written in high-level languages and assembler. 

David Nanian, President of Underware, Inc. ^ 250+ C page S manua1 & 

(of BRIEF fame) says this about the new 
Periscope Version 4: 

“Periscope has always been an unbelievable 
assembler-level debugger. Version 4 has 
turned it into a terrific source-level debugger 
as well. Aside from major enhancements like 
the source-level improvements, all the little 
changes make a really big difference, too. For 
instance, symbol lookups and disassemblies 
are noticeably faster, and highlighting the 
registers that have changed really makes life 
easier. Once again, Periscope has raised the 
industry standard for debuggers!” 
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What’s New in Periscope 
Version 4: 


• View local symbols from Microsoft C 
(Version 5) 

• Debug Microsoft windows applications 

• Set breakpoints in PUNK overlays 

• Improved source-level support 

• Monitor variables in a Watch window 

• 80386 debug register support 

• Debug using a dumb terminal 

• PS/2 watchdog timer support 

• Use mixed-case symbols 

• Set breakpoints on values of Flags 

• Much more! 


Due to the volatility of RAM costs, prices on board 
models are subject to change without notice. 


REQUIREMENTS: IBM PC, XT, AT, PS/2, 
80386 or close compatible (Periscope III 
requires hardware as well as software compat¬ 
ibility, thus will not work on PS/2 or 80386 
systems); DOS 2.0 or later; 64K available 
memory (128K at installation time); one disk 
drive; an 80-column monitor. 

Call us with your questions. We’ll be happy 
to send you free information or help you de¬ 
cide on the model that best fits your needs. 


Order Your Periscope, 
Toll-Free, Today! 
800-722-7006 


Periscope’s hardware adds 
the power to solve the really 
tough debugging problems. 

The break-out switch lets you 
break into the system any time. 

You can track down a bug 
instantly, or just check 
what’s going on, without 
having to reboot or power 
down and back up. That’s 
really useful when your 
system hangs! The switch is 
included with Periscope I, 

Periscope II, and Periscope III. 

Periscope I has a NEW board 
with 512K of write-protected RAM, user-expandable to 1MB, for the Periscope software, 

symbol tables, and all related debugging information. Normal DOS memory 
(the lower 640K) is thus totally freed up for your application, and Periscope 
is protected from being overwritten by a run-away program.'The new 
board’s footprint is only 32K, so you can use it in PC, AT, and 386 systems 
with EGA/VGA and EMS boards installed (not possible with the previous 
56K board). It can also be used with Periscope III to provide additional 
write-protected memory. 

Periscope III has a board with 64K of write-protected RAM to store the 
Periscope software and as much additional information as will fit. AND... 

The Periscope III board adds another powerful dimension to your 
debugging. Its hardware breakpoints and real-time trace buffer let you 
track down bugs that a software-oriented debugger would take too long 
to find, or can’t find at all! 


'he NEW Periscope I 
loard Keeps all debugging 
information out of the lower 640K. Can be used in 
PCs, ATs, and 386s with both EGA /VGA and EMS boards 
installed. The Periscope break-out switch enables you to 
recover from a hung system. Included with Models I, II, and III. 


The Periscope III hardware-breakpoint board captures information in real-time, so you’ll find bugs that can’t be 
found with a software-based debugger. 


Periscope I includes a NEW full-length 
board with 512K of write-protected RAM; 
(user-expandable to 1MB); break-out 
switch; software and manual for $695. 
Periscope II includes break-out switch; 
software and manual for $175. 

Periscope II-X includes software and 
manual (no hardware) for $145. 
Periscope III includes a full-length 
board with 64K of write-protected RAM, 
hardware breakpoints and real-time trace 
buffer; break-out switch; software and 
manual. Periscope III for machines run¬ 
ning up to 10 MHz with one wait-state is 
S1395. 


re Is solid, comprehensive, and 


The 


Periscope 

Company, Inc. 


1197 PEACHTREE ST. • PLAZA LEVEL 
ATLANTA, G A 30361 • 404/875-8080 
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Step 286/12 

2.45 MIPS 

Step 286/16 

3.27 MIPS 

Step 386/16 

3.93 MIPS 

Step 286/20 

__ 4.24 MIPS 

Step 386/20 

_ . 4.91 MIPS 

ton mm 

_.6.13 MIPS 

Source: Power Meter MIPS Version 1.3. The Database Group, Inc. 


‘Til be right over” 



1 used to be afraid of 
monsters. Now I can't get 
along without them." 

Janet Johnson, President 
Coordinated Digital Systems 
Dayton, Ohio 



The most incredible 
collection of people 
find their way to my 
door. Students. 
Aerospace engineers. 
Genealogists. 

They come because 
they hear we do more 
than sell computers 
out ofabox.Wetry 
to make everything 
very personal. 

We know our 
products backwards 
and forwards 
because we use them 
ourselves. We write 
custom software. 


We’re writing a lot 
of business. 



We work almost 
exclusively with one 
computer company. 
Everex. 

Because every one of 
their six computers is 
at the head of its class. 

And because they 
take care of me the 
way I like to take 
care of my customers. 

Find out more 
about Everex 
Step computers. 

Call 1-800-356-4283. 
Everex Computer 
Systems Division, 
48431 Milmont 
Drive, Fremont, 

CA 94538. 





















Finally, there’s an SQL that gets back to 
BASIC. And COBOL. And C. And Pascal. 


As a programmer, you’ve probably already 
faced it—the database dilemma. Do you use an SQL 
for easy database handling, or a true programming 
language for maximum power and flexibility? 

Now you can do both with XQL? the relational 
data management system from the developers of 
Btrieve.® 

The Programmer’s SQL. With XQL, you 
can access your data with the ease of Structured 
Query Language through simple subroutine calls 
from traditional programming languages. XQL sup¬ 
ports standard SQL syntax, including subqueries, 
unions and security groups. 

XQL Relational Primitive Operations. 

In addition, XQL lets you bypass the SQL level and 
perform highly efficient, relational primitive opera¬ 
tions directly. You get all the functionality of a rela¬ 
tional database model without the constraints of a 
4th generation language. 

Building on Btrieve. The heart of Novell’s 
family of data management tools is Btrieve. By 
letting you access multiple records at a time, XQL 
adds a powerful dimension to Btrieve. XQL incorpo¬ 
rates sophisticated data manipulation features which 


allow you to access data by field name, move forward 
or backwards through the database, compute fields 
from other fields or constants, and even work with 
composite records built from multiple, joined 
Btrieve files. 

Like Btrieve, XQL offers features like multi¬ 
user support, fault tolerance, comprehensive 
documentation, and expert technical support. And 
you never pay royalties on your XQL applications. 

Solve the database dilemma with XQL, the SQL 
that speaks your language. Only $795* See your 
Authorized Novell Gold Reseller, or call us at 
(512) 346-8380. 

For more information, call from your modem 
1-800-444-4472 (8 bit, no parity, 1 stop bit) and enter 
the access code NVXQL3. 


NOVELL 


For software solutions, 
you should be seeing red. 


‘Suggested retail price (US dollars) ©1988 Novell Inc., World Headquarters, 1 22 East 1 700 South, Provo, Utah 84601 (801) 379-5900 

Requires Btrieve 4.x and PC-DOS or MS-DOS 2.x, 3.x. 
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JULIE ANDERSON 

Systems Perspective 

Dangerous Dependencies 

A missedproduct-release date compromises developers who depend 
on that product for their applications. □ Also, VGA compatibility. 



L ike fine wine, software should not 
be released before its time. I real¬ 
ize complex software cannot be 
written quickly. It takes time to design, 
code, alpha test, beta test, and gamma 
test. So, I’m willing to wait a pre¬ 
scribed period of time for the release 
of preannounced software. 

I believe in preannouncements, 
too—as long as vendors keep their 
promises. Preannouncements are bene¬ 
ficial to both the customer and the ven¬ 
dor. The customer is able to develop 
strategic plans based upon tools that 
will be available at a later, predictable 
date, and the vendor stalls the cus¬ 
tomer—keeping him or her from buy¬ 
ing a competitor’s product by promis¬ 
ing superior features, thereby assuring 
a market for the product once it is fi¬ 
nally released. 

The danger is that by missing pre¬ 
announced dates, the vendor puts the 
developer at his mercy. If the product 
is an upgrade to an existing tool, for 
example, the developer already has a 
substantial investment in customized 
applications he has written using this 
tool and in end users trained in the 
operation of these applications. 

This problem is even more pro¬ 
nounced with tools that are built for 
the horizontal market, such as spread¬ 
sheets, communications software, and 
data managers that have a proprietary 
internal language and provide a ready¬ 
made interface that the developer can 
pass on to the end user. 

Creating applications with these 
packages is tempting to the developer 
because of the shorter development 
cycle. The developer, however, may 
become unhealthily dependent on a 
vendor, with no control over when the 
next version will be released or what 
features it will contain. In effect, when 
the vendor misses a delivery date, the 
developer’s application is stalled, wait¬ 
ing for the features needed to move 
the application forward. 


The developer could turn to a 
competitive product. Other vendors, 
also having heard the preannounce¬ 
ment, are sure to try—and often suc¬ 
ceed—at beating the preannouncing 
vendor to the market. The vendors 
enter a race to the finish, each trying 
to pack the best features into the first 
available product. Choosing the com¬ 
petitive product, however, means the 
developer must absorb the costs of 
buying the new package, rewriting the 
application in a new proprietary lan¬ 
guage, and retraining the end user be¬ 
fore seeing any new benefits. 

A prime example is the delay of 
version 3.0 of Lotus 1-2-3 from an orig¬ 
inally announced June shipping date. 
Two competitors, Microsoft and Bor¬ 
land, have released excellent spread¬ 
sheets (Excel and Quattro, respectively) 
bearing features not available in the 
current version of 1-2-3. Still, many of 
1-2-3’s seven million users are waiting 
rather than switching. 

Even though both Excel and Quat¬ 
tro read 1-2-3 spreadsheets and inter¬ 
pret 1-2-3 macros, and Excel’s help files 
explain the operational differences be¬ 
tween 1-2-3 and Excel, the conversion 
costs both time and money, while up¬ 
grading to Lotus 1-2-3 version 3.0 is 
minimal cost. Additionally, developers 


need to learn the custom language of 
Excel or Quattro to enhance the appli¬ 
cation after it is converted. 

A single-source language is anath¬ 
ema to the developer. The saving grace 
for Ashton-Tate’s dBASE rv, also delayed, 
is that its language is supported by 
many sources. Converting from dBASE 
to one of its dialects is no more diffi¬ 
cult than converting from one C com¬ 
piler to another. 

MISSING DEADLINES 

Vendors cannot or do not meet their 
deadlines for several reasons. Most pre¬ 
announce their products too early in 
the development cycle without first de¬ 
termining whether or not they can de¬ 
liver the alleged features by the target 
date. This leads to unrealistic develop¬ 
ment timetables. 

Some schedules are put aside be¬ 
cause midway through development, a 
competitor releases or announces a 
product with features not originally 
scheduled in the vendor’s product. The 
vendor often decides to add these fea¬ 
tures even though it means missing the 
target release date. 

Revising the features list is under¬ 
standable before the product is an¬ 
nounced. Once the announcement is 
made, however, the vendor owes it to 
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XDB, the critics’ 
choice for SQL 

“XDB’s full-function SQL gives you nearly all the 
functionality found in mainframe systems... Speedy 
performance, a rich SQL implementation, and 
general ease of use make this package a 
winner... A must-see for those interested in SQL.” 

PC Magazine 



May 1988 


“Our scoring system ranked XDB 
number one for its consistently 
speedy performance... XDB 
earned the highest rating overall 
by outperforming the other tested 
programs in ease of learning, ease 
of use, and performance.” 
Software Digest 
Sept. 1987 


“XDB is the fastest data manager ever tested by 

PC Tech Journal.” 


MAGAZINE 


EDITOR’S 

CHOICE 



PC Tech Journal 
April 1988 


The XDB 

...Dynamo 






“if your main goal is to learn SQL, 
buy XDB... A superb choice for 
experienced C, Pascal, or COBOL 
programmers...” 

PC World 
Feb. 1988 


PCW#RLD 


Tomorrow’s Data 
Bases Today 





Find out what critics already know! 

Only XDB packs the full power of SQL into 
a 640K PC. 

Developing large applications? XDB lets you 
take advantage of extended memory. 

Require multiple users? XDB’s database 
server runs on any LAN. XDB can even run 
your applications unchanged under Xenix 
or Unix. 

Working on a mainframe? XDB’s workbench 


offers true DB2, C1CS and IMS compatibility. 
Your COBOL applications can be fully tested 
on the PC, and transported to the mainframe 
unchanged. 

Find out what critics already know! Call us 
and learn how XDB can simplify your 
application development. 

XDB—the top rated SQL DBMS. 

( 301 ) 779-6030 


XPP 


XDB Systems, Inc. 

7309 Baltimore Ave. 

College Park, Maryland 20740 


©1988, XDB Systems, Inc. XDB is a registered trademark of XDB Systems, Inc. Other product names are trademarks or registered 
trademarks of their respective holders. 

CIRCLE NO. 255 ON READER SERVICE CARD 


his loyal and captive customers to re¬ 
lease the product on time. These cus¬ 
tomers are not going to jump ship if 
treated with consideration, and new 
features can always be added to the 
next release. 

The vendor also owes it to devel¬ 
opers to provide an open system with 
a hook for integrating code from other 
sources. This unties developers’ hands, 
thus allowing them to add features— 
whether or not the vendor delivers the 
product on schedule. 

VARIATIONS ON A VGA THEME 

Magazines know better than anyone 
about the consequences of missed 
deadlines. We, therefore, have pro¬ 
duced this month’s issue in as timely 
and thorough a manner as possible to 
bring you up to date on the latest 
graphics standard. 

Although the PS/2 has not been 
the runaway success IBM had hoped, 
one of its features, the VGA, has been 
warmly embraced by the entire indus¬ 
try. Many computer vendors are inte¬ 
grating VGAs onto their system boards, 
and every major graphics board manu¬ 
facturer has produced a VGA adapter 
for classic-bus machines. 

As with any de facto standard, vari¬ 
ations abound. In the first article in our 
cover suite (“The VGA Compatibility 
Test,” p. 48), Ed McNierney and Kent 
Quirk define what VGA compatibility 
means and present a test program that 
determines how a VGA implementation 
measures up to the standard. Code for 
this metric is available for downloading 
on PCTECHline, 301/740-8383. 

In die second article (“Pixel Pan¬ 
ning and Split Screens,” p. 62), Richard 
Wilton explains how to use the VGA’s 
panning feature to scroll through data 
in the video buffer. 

Finally, in Tech Notebook (p. 143), 
Arun Johary and Bo Ericsson of Chips 
& Technologies reveal to technical edi¬ 
tor Ted Mirecki an undocumented fea¬ 
ture of the VGA that allows developers 
to pack five times the normal number 
of characters on die screen. 

WE WANT YOUR VOTE 

In the spirit of politics and elections, 

PC Tech Journal is giving its readers 
the opportunity to vote for their most 
prized products on this month’s Reader 
Opinion Card, which is bound in on 
the previous page. We will be looking 
for your best explanations about how a 
product has made your life easier. Vote 
now and watch for election results in 
the February issue. 1 "imMim 
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A ll the database Top Guns are Or if you’re already sold on SQL, 

. flying SQL, the industry- then order Professional ORACLE today 

standard data management language for $1295,* and get SQL*Tutor free, 

first delivered by Oracle. Why? According to PC Week, Professional 

Because one SQL statement replaces ORACLE is “the most versatile data- 
up to 20 lines of dBASE code. And base management system available 
because all the powerful multi-user on the PC.” It includes the ORACLE 
and distributed 
databases use SQL 
—exclusively. 

Now you can 
turn your PC into 
a SQL trainer that 
will make you a 
database top gun: 

Introducing 
SQL*Tutor from 
Oracle, only $199- 

Lost that Lovin’ Feeling 
for dBASE? 

Everybody has. And now, they’re 
learning SQL. SQL*Tutor is the per¬ 
fect way to get ready for the emerging 
SQL database world. Use it to intro¬ 
duce SQL to your entire organization, 
to offer SQL refresher courses, or as 
a supplement to documentation. 


Become an instant SQL ace. 

After using SQL*Tutor, you’ll be able to: 

• Construct simple and complex queries 

• Create tables, views and indexes 

• Manipulate information in data tables 

• Create reports 

• Use ORACLE’S powerful SQL 
extensions 


tools. 
Professional 
ORACLE is 
network-ready, 
and is the same 
ORACLE that 
runs on minis and mainframes. Use 
it as your standard PC workgroup 
database, and to provide connectivi¬ 
ty to corporate data. 

Call 1-800-ORACLE1, ext. 4809 

today. Or fill out and AIR l^AIL * 
the attached coupon. So your 
squadron can fly the latest data¬ 
base technology into the 1990s. 


SIGNATURE 


Copyright © 1988 by Oracle Corporation. 
ORACLE is a registered trademark of Oracle Corporation. 

dBASE is a trademark of AshtonTate. 
‘Requires an 80286/80386 PC with 640KB RAM plus 
1 MB of extended memory, running DOS 3.0+. TRBA 


20 Davis Drive. Belmont. CA 94002 ■ World Headquarters 
(415) 598-8000 • Calgary (403) 265-2622 • Ottawa (613) 238-2381 ■ 
Quebec (514) 337-0755 ■ Toronto (416) 596-7750 ■ ORACLE Systems 
Australia 61 -2-959-5080 ■ ORACLE Europe 44-1-948-6911 • 

ORACLE Systems Hong Kong 852-5-266846 


Call 1-800-QRACLE1, ext. 4809 today. 
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Making the right choice, 
tight now you have two choices for 
tomorrow’s spreadsheet: Get a spread¬ 
sheet like Excel, which requires that 
u purchase the newest high-end 
’ microcomputers. It also could 
require extensive retraining and the 
conversion of all of your files and 
macros. Furthermore, coexistence 
with other spreadsheets will be 
anything but comfortable. This 
option is likely to cost 
least 


SuperCalc and Silverado are trademarks or|registered trademarks of Computer 


Associates, Inc. Lotus and 1-2-3 are registered 
Corporation. IBM PC, XT and AT are rej 
Business Machines Corporation. OS/2, and 
Business Machines Corporation. MS-DOS a: 
trademarks of Microsoft Corporation. 


marks of the Lotus Development 
:d trademarks of International 
1/2 are trademtrks of International 
:cel are tnflpnarks or registered 





GOT TWO OPTIONS: 


ling 6,000with Excel...or take 
saving s 6,000with SuperCalcS. 


$6,000 for every workstation. 

There is another choice. It 
delivers everything you expect from 
the spreadsheet of tomorrow. The 
choice is SuperCalcS. 

Introducing SuperCalc5. 
Tomorrow comes in a blue and red 
box. SuperCalc5 is the spreadsheet 
of the future, ready for you today. 
First of all, it works with the hard¬ 
ware you most likely have on your 
desk right now, including all IBM 
PC,* XT,® AT® and PS/2" models and 
compatibles with 512k memory 
SuperCalc5 has been designed for 
MS-DOS and to bridge the mi¬ 
gration to OS/2. It also supports 
LIM version 4.0 providing up to 
32 mb of memory. 

In use, SuperCalc5 holds 
up to255 spreadsheets in mem¬ 
ory and allows you to view and 
manipulate any three of them 
on screen at any one time. Direct 
links can be established with 
spreadsheet files in memory, on 
disk or on a network And these 
can be a combination of 
Super Calc and Lotus 1-2-3® 
fries. There’s even a ver¬ 
sion for your company 
mainframe called 
CA-SuperCalc. 




SuperCalc5 was designed to 
coexist with Lotus 1-2-3. Not only 
does it read, write and link to 1-2-3 
files automatically, 

SuperCalc5 includes 
an optional 1-2-3 
menu and can use 
1-2-3 macros.You can 
even move Lotus 
1-2-3 macros into 
SuperCalc5 and 
then back again. 

Accuracy and speed. 
Comprehensive debugging and audit¬ 
ing features are built right into 
SuperCalcS When used along with the 
undo feature, they ensure that errors in 
your worksheets and macros will not 
cost more than you can afford. 

SuperCalc5 works fast because it 
has minimal recalculation and the abil¬ 
ity to choose recalculation ranges. 

A good beginning and 
a beautiful finish. 

SuperCalc5 has automatic 
installation and its intuitive 
command structure means 
that you can be up and run¬ 
ning in a matter of minutes. 

Finally, SuperCalc5 
will mate your work look 
sensational. Your presenta¬ 
tion will spring to life 


on the page with a wide choice of 
graphics, charts, type fonts, bars, 
colors and shadings. 

I\vo ways to try tomorrow. 
Qualified prospects can take 
advantage of one of two 
SuperCalc5 introductory pro¬ 
grams. You can receive a copy of 
SuperCalc5 to use on your present 
computer for 30 days with no 
obligation. And if you decide 
to buy SuperCalcS, get a free 
copy of Silverado" the powerful rela¬ 
tional database that works inside 


SuperCalc5. Or trade in your present 
spreadsheet program and get 
SuperCalc5 for $150. Both offers expire 
December 31,1988. For more informa¬ 
tion or the name of the participating 
dealer near you, call 1-800-531-5236 
(1-800-663-6904 in Canada). 



© Copyright 1988 Computer Associates International, Inc. 
m 1240 McKay Dr., San Jose, CA 95131 
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Software superior by design . 


World’s leading independent software company. 

Broad range of integrated business and data processing soft¬ 
ware for mainframe, mid-range and microcomputers. 
Worldwide service and support network of more than 100 offices. 


Accounting • Spreadsheets • Graphics • Project Management • Resource & Operations Management 


CIRCLE NO. 108 ON READER SERVICE CARD 






World Class Software Prps 

OH Creativity Adam Green has been involved in the micro 

software business since 1979. He is a published 
author of three books on dBase and Framework 
and is a recognized authority on software-user 
psychology. As a top seminar instructor, he has 

taught over 30,000 students. 


What is the biggest mistake commercial programmers make? 

"Don't ignore the big picture. 

Programmers tend to work on the task of the particular algorithms, the internal tricks they 
have to do. If they want to develop the world's best word wrapping routine, that's fine— 
but it's not a product." 

What’s your key to understanding the big picture? 

"Organic chemistry. As a chemistry major I learned how important it is to visualize the whole 
interrelated picture—put a 2 dimensional diagram in 3 dimensions, rotate it, and put it back in 



two dimensions." (continued in "World Class Software Pros on Creativity".) 

How do you prepare to teach a new programming language? 

"I call it the "iceberg principle". I have to understand all 
of it—what I explain is only 10% of what I know. I 
have to put the whole language in my head before I 
can understand any of the individual details." 

What can you tell us about the creative 
process? 

"Creative people are the least knowledgeable 
about their creative process. The most creative 
people don't know where their ideas come from. 
But there is a difference between being imaginative 
and truly creative..." (continued in "World Class 
Software Pros on Creativity".) 

What program editor do you use in your 
seminars? 

"BRIEF. I've used about 1000 soft¬ 
ware packages and settled on less 
than a dozen. BRIEF is one of them." 


Call 800-821-2492 for a free 
copy of "World Class Software 
Pros on Creativity", which 
contains interviews with 
Adam Green and five other 
leading professionals, includ¬ 
ing Wayne Ratliff and Dan 
Bricklin. We'll also send 
you proof of BRIEF'S 
flexibility and power, 


cSokjbon 

Systems 541 Main Street, Suite 410 

S. Weymouth, MA 02190 (617)337-6963 
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ROUGH AROUND THE EDGES 

While I really appreciated the informa¬ 
tion imparted in the article “Highly 
Polished C Code” (Philip N. Hisley, 

June 1988, p. 76), I feel I must make 
one important point: no amount of op¬ 
timization can make up for incorrect 
code generation. 

Attached is a printout of a section 
of code we attempted to use and the 
resulting assembly code generated by 
Manx Software Systems’ Aztec C com¬ 
piler. Close inspection reveals that the 
output code incorrectly skips every 
other byte. We wasted several weeks 
tracking down this type of problem in 
a ROM-based toll-collection terminal 
we were developing. 

“Highly polished” would not nec¬ 
essarily be my choice of words to de¬ 
scribe much of the existing offerings. 

Lciny R. Waibel 
Ramona, CA 

The code example that Mr. Waibel pro¬ 
vided is too large to reproduce here in 
its entirety; a program demonstrating 
the bug is shown below .• 

main() 

{ 

char src[2], dst[2]; 
int i = 0, j = 0; 

dst[j+ + ] = src[i+ + ] & OxOF; 
printf(“Variable j is %d\n”, j); 
exit(0); 

} 

When this program is compiled 
and run with Aztec C 4.1C, the value 
of j is 2, rather than the correct value 
of 1. Inspection of the generated as¬ 
sembly-language code reveals that the 
compiler had incremented j twice in 
the code for the assignment statement. 

I contacted the Aztec support staff 
at Manx Software Systems Inc. through 
its bulletin board (2011542-2793) and 
left a copy of the above program. 

Within a week, they sent me a beta test 
copy of version 4. ID that ran the test 


program correctly. At this time, the re¬ 
lease date and price of the enhanced 
version is not available. 

—DWM 

THE USER IS THE LOSER 

Two items in your September 1988 
issue—Will Fastie’s comments on the 
Apple suit (New Directions, p. 23) and 
a letter to the editor (“Free the Data 
Structures,” Evan P. Provisor, p. 15)— 
together with recent pieces of a similar 
vein in other PC magazines, lead me to 
conclude: the user is the loser. 

We are treated to a rapid prolifera¬ 
tion of bus architectures (all noncom¬ 
patible) and new operating systems are 
mushrooming all around us, but all this 
attention is going into architecture and 
CPUs and almost none into the NPU, or 
non-power user. The NPU is compu¬ 
terdom’s version of the ordinary man 
on the street, someone using a com¬ 
puter to get a job done because, hope¬ 
fully, it can be done faster, better, with 
fewer errors and headaches. 

The users (NPUs and developers 
alike) are not served by fragmentation 
and endless proliferation of new stan¬ 
dards (particularly when each of the 
so-called standards is supported by 
only a handful of vendors). If, to avoid 
a lawsuit, each new system must have a 
different “look and feel,” the user is 
debilitated by having to learn a differ¬ 
ent ^gestalt each time a new program is 
encountered—and worse, shift mental 
gears when trying to use several pro¬ 
grams in tandem. A new program on a 
new machine may be many times faster 
than what we are currently using. 

About the best that can be said for 
much of the software reaching the mar¬ 
ketplace today is that it almost works. 

It may work on your particular combi¬ 
nation of hardware, and then again, it 
may not. If you can get it up and run¬ 
ning, the odds are very high that it will 
contain at least several bugs (or are 
they called anomalies?). The chances 


are excellent that before you have it 
installed, you will see advertisements 
for the next version. 

Did you ever wonder how IBM 
came up with the idea for PS/2? Do 
you think that IBM polled consumers? 
Did they ask NPUs, “What wmild you 
like to see incorporated into a new sys¬ 
tem?” Was there any market research? 

The user is the forgotten man. 
Today, the giants of the computer in¬ 
dustry remind me of the Big Three 
back in the halcyon days of the Ameri¬ 
can auto industry. There was no need 
to ask the consumer what he wanted— 
they knew what he should want. One 
day they woke up and found that half 
their business was gone. 

What the NPU needs today is a 
champion, a white knight, a Ralph 
Nader—someone willing to throw 
down the gauntlet and challenge the 
giants of the computer world who are 
busy telling us what we need and 
what’s good for us. Someone who can 
say: “Hey look, these things are unsafe 
at any speed.” 

Mark Harris, senior partner 
Harris and Hall Associates 
Port Angeles, WA 

QB4 PRECISION EXPLAINED 

I believe that the results reported for 
Microsoft’s QuickBASIC 4.0 in single 
precision (Letters, C. W. Tittle, August 
1988, p. 16) may be more explicable 
and less “astounding” than they appear. 
( For a review of QuickBASIC 4.0, see 
Product Watch, Justin Crom, May 1988, 
p. 149.) Many compilers and their li¬ 
braries map all calls to floating-point 
functions to the double-precision ver¬ 
sion, which may be the only one sup¬ 
plied. This has benefits for the com¬ 
piler developer, who has to supply 
only one routine, and it can hardly 
hurt the user, who gets more precision 
than he or she bargained for. However, 
the results of floating-point computa¬ 
tions are sometimes not obvious. 
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Let’s take a look specifically at the 
SAVAGE benchmark. Code for this test 
would read (in C with single precision) 
as follows: 

float a; int i; 
a = 1.0; 

for (i = 1 ; i < 25,000; i+ + ) { 

a = tan(atan(exp(log(sqrt( a * a ))))) 

+ 1 . 0 ; 

} 

/* the correct value of ’a’ is, obviously, 
25,000 */ 


Running this test in Microsoft C 5.0 
gives the answer 25,000.0000000000 
(X’46C35000’), using printf with a 
'% 20.1 Of’ format. 

So far, all is well; even single¬ 
precision arithmetic gives exactly the 
right answer. But, if we change the 
declaration line to: 

double a; int i; 

the answer is 24,999.9999972387 
(X’40DB69FF FFF46B1B’), which is no 
longer accurate. 


PC TO MAINFRAME 
DATA INTERCHANGE 



SOLUTIONS 

Telebyte offers high performance 
PC/nine track tape systems to solve 
any interchange requirement. 

•True Start/Stop operation offers PC 
data transfer times comparable 
to hard disks. 

• Full featured software packages 
with fully integrated DOS or 
XENIX Driver interfaces. 

• PC/AT/386 subsystems available. 
•All densities 200 BPI thru 6250 BPI, 

7 and 9 track available. 

Contact us today at 
Telebyte Technology 
270 East Pulaski Road, 

Greenlawn, NY 11740 
(516)423-3232 
(800)835-3298 
TWX-510-226-0449 
FAX(516)385-8184 
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It seems that we have lost accuracy 
by switching to higher-precision arith¬ 
metic. Making the following small 
change to the code sheds light on what 
is happening: 

float X; 

double a; int i; 
a = 1.0; 

for ( i = 1 ; i < 25,000; i+ + ) { 

x = tan( atan( exp( log( sqrt( a*a ))))) ; 
a = x + 1.0 ; 

} 

Now, the answer is 25,000.0000000000 
(X’40DB6A00 00000000’). 

Small errors inevitably occur in 
the evaluation of functions in SAVAGE 
because of approximation error, 
round-off error, and so on. These gen¬ 
erally affect only the low-order bits of 
the result. Narrowing the value to float 
on each iteration effectively chops off 
the errors; in essence, this means that 
the loop is counting to 25,000 by 1, 
which is well within the capacity of 22 
to 23 bits of accuracy. 

Richard E. Gibbs, CFA 
Investment Cybernetics 
New York, NY 

If the conversion from long to short is 
done with an intelligent rounding al¬ 
gorithm, the accuracy of the reported 
result may seemingly improve because 
the rounding process can mask inter¬ 
mediate errors. However, a simple 
chopping or truncation of the bits 
prone to contain approximation and 
round-off errors may make matters 
worse if the intermediate errors are 
unequally distributed above and below 
the correct answer. QuickBASIC 4.0’s 
treatment of the same code differed be¬ 
tween the programming environment 
and command-line compilation, yield¬ 
ing different results. 

—Justin Crom 

TELLING THEM APART 

I have a correction to Tech Notebook 
82: (“Determining CPU Type,” Bob 
Felts, November 1987, p. 51). The 
problem is the naming of the code seg¬ 
ment _TEXT. This interacts badly with 
the Microsoft Overlay Linker delivered 
with Microsoft C 5.1. 

The problem arises if you place 
CPUTYPE.OBJ in an overlay. Because it 
has a segment called _TEXT, all of the 
C runtime library gets linked into that 
overlay instead of into the root, includ¬ 
ing the start-up code. The resulting 
linked module will not execute at all. 
However, by renaming the segment 
CPUTYPE_.TEXT, the problem vanishes. 
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WINDOWS FOR DATA® 



Cursor keys scroll 
s wmmmammam 


ENTER selects and ESC exits choice nenu 


WHKKKKM 


ss#* 

uesfflfo#^ 

pOP' U 


Invoicest Create Review Print Exit 


I N U 0 I C E 
Invoice No.: 


12/03/87 

i—Custoner 


16143:15 


at** 


Search for custoner record? (V/N) 
Enter custoner information? (¥/N) 
Enter billing address? (V/N) 
Enter marketing information? (V/N) 


william Jones 
Innovative Software 
351 Bulletin Avenue 
Needham, MA 02194 


617 394-5512 


QUANTITV PRICE AMOUNT 


No. PRODUCT 


DESCRIPTION 


2950.00 

1475.00 

1475.00 

1590.00 

0.00 


windows for Data Microsoft 
Windows for Data Lattice 
Windows for Data Turbo C 
Windows for Data XENIX 


Windows for Data - XENIX 
Windows for Data - 3B2 Unix 
Windows for Data - Sun Unix 
Windows for Data - MicroUax 
Windows for Data - Wax 780 


Subtotal 1 
Shipping: 


11325.00 
0 


WD3B2 

WDSU2 

WDWM3 

WDWM4 


TOTAL 

Pawment 




JLLf you program in C, take a few 
moments to learn how Windows for 
Data can help you build a state-of-the- 
art user interface. 

M Create and manage menus, data-entry forms, context- 
sensitive help, and text displays — all within windows. 

0 Develop window-based OS/2 programs right now, 
without the headaches of learning OS/2 screen manage¬ 
ment. Run the same source code in PCDOS and OS/2 
protected mode. 

Bf Build a better front end for any DBMS that has a C- 
language interface (most popular ones do). 



FROM END TO BEGINNING 
Windows for Data begins 
where other screen packages end, 
with special features like nested 
pop-up forms and menus, field en¬ 
try from lists of choices, scrollable 
regions for the entry of variable 
numbers of line items, and an ex¬ 
clusive built-in debugging system. 


NO WALLS 

If you’ve been frustrated by the limitations of other 
screen utilities, don’t be discouraged. You won’t run into 
walls with Windows for Data. Our customers repeated¬ 
ly tell us how they’ve used our system in ways we never 
imagined — but which we anticipated by designing Win¬ 
dows for Data for unprecedented adapatability. You will 
be amazed at what you can do with Windows for Data. 


YOU ARE ALWAYS IN CHARGE 

Control functions that you write and attach to fields 
and/or keys can read, compare, validate, and change the 
data values in all fields of the form. Upon entry or exit 
from any field, control functions can call up subsidiary 
forms and menus, change the active field, exit or abort 
the form, perform almost any task you can imagine 

OUR WINDOWS 
WILL OPEN DOORS 

Our windows will open doors to 
new markets for your software 
High-performance, source-code- 
compatible versions of Windows 
for Data are now available for 
PCDOS, OS/2, XENIX, 
UNIX, and VMS. PCDOS 
versions are fully compatible with Microsoft Windows. 
No royalties. 



MONEY BACK GUARANTEE 

You owe it to yourself and your programs to try 
Windows for Data. If not satisfied, you can return it for 
a full refund. 

Prices: PCDOS $295, Source $295. OS/2 $395. 
XENIX $795. UNIX, VMS, please call. 

Call: (802) 848-7731 ext. 21 

Telex: 510-601-4160 VCSOFT FAX 802-848-3502 



Vermont 

Creative 

Software 


21 Elm Ave. 
Richford, 
VT 05476 

























Can your lightweight database 
handle a heavyweight challenge? 


w 


hen you have ajob 
that’s too much 
dBASE or Paradox, 
turn to the real heavy¬ 
weight. PC/FOCUS. 

PC/FOCUS is the num 
ber one fourth-generation 
language, with its own 
powerful database sys¬ 
tem. It’s complete 
enough to create the com¬ 
plex reports and applica¬ 
tions that others can’t— 
without resorting to hard- 
to-learn procedural languages. 

With the PC/FOCUS window 
painter, you can do highly custom¬ 
ized, menu-driven applications, 
with help screens and overlaid 
windows. 

Using just a few words in the 
PC/FOCUS 4GL, you can put to¬ 
gether highly structured matrix 
reports that include imbedded 
data, row and column totals, and 
customized headings. You can 
create any standard financial 
report in your preferred format. 

And you can draw on as many as 
16 different files for one report. 

With the powerful PC/FOCUS 
shared-relational database sys¬ 
tem, you can report at a level of 
detail that would otherwise 
require a large computer. PC/ 
FOCUS can scan 500,000 rec¬ 
ords in less than three seconds. 

And you can access this 
power through a choice of user 


or 


interfaces. A command mode lets 
the experienced user develop 
major applications quickly. A point- 
and-pick windowed interface lets 
the casual user make a query— 
or build a substantial 
application—using only the 
arrow keys and the enter key. 

What’s more, any applica¬ 
tion you develop in the 
FOCUS language can imme¬ 
diately be run on any of the 
larger computers supported 
by FOCUS. 

PC/FOCUS includes mod¬ 
ules for graphics, statistics, 
and communications. And 
there are optional modules 
including EQL—an English 
language interface, 
spreadsheets with goal¬ 
seeking capabilities, and 
interfaces to dBASE and 
other PC database systems. 

There’s also a Multiuser 
version of PC/FOCUS that 
works with the major LAN prod¬ 
ucts. In a network, up to 32 users 
can access one database simulta¬ 
neously without record lockup. 
While PC/FOCUS maintains your 
data integrity. 

If you’ve got a heavyweight 
job to do, get some real muscle 
from PC/FOCUS. Call 1-212-736- 
4433, Ext. 3700. Or write Infor¬ 
mation Builders, Inc., 1250 
Broadway, New York, 

N.Y. 10001. 



Information Builders, Inc. 
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LETTERS 


Also, 1 was disappointed that the 
reader was referred to an earlier issue 
for the 8088/86 code, because I did not 
have access to that issue (“Chips in 
Transition,” Bob Smith, April 1986, 
p. 56). I took code for detecting an 
8088/86 from the other cited article 
(“Compatibility and Performance: Up¬ 
dating the Evaluation Suite,” Paul 
Pierce and Steven Armbrust, March 
1987, p. 70). 

In spite of the claim in the No¬ 
vember Tech Notebook, this code does 
not write into the code segment during 
its CPU determination, at least as far as 
I can detect (unless somehow the code 
puts the stack in code space, which is 
irrelevant). The code I took does not 
distinguish an 8088 from an 8086; if 
there is any way to detect the differ¬ 
ence between the two, it would be 
nice to have someone publish a com¬ 
plete CPU-type determination. I much 
prefer the technique of the November 
issue—to return to a meaningful in¬ 
teger—instead of the obscure and non- 
symbolic values of 1, 2, 3, and so on of 
the evaluation suite. 

Joseph M. Newcomer 
Pittsburgh, PA 

As stated in the Tech Notebook article, 
segment naming in the CPUTYPE pro¬ 
cedure follows the Microsoft mixed- 
language conventions. These conven¬ 
tions, which are documented in the 
Mixed Language Programming Guide 
supplied with the Microsoft assembler 
and compilers since version 5.0, re¬ 
quire different names for different 
memory models. 

Whether overlays are used or not, 
the published segment name is correct 
for the small and compact memory 
models, and the name used by Mr. 
Newcomer is correct for the medium 
and large models. These details were 
not repeated in the article because of 
space limitations. 

Code to detect an 8088/86 was 
not omitted from CPUTiPE; the proce¬ 
dure as published does in fact detect 
these processors without the need for 
any code from the ATPERE program of 
the evaluation suite. ATPERE, as up¬ 
dated in March 1987, no longer writes 
to the code segment, but it does not 
determine the operating mode (neither 
real nor protected). 

Again, space limitations prevented 
inclusion in CPUTYPE of the code to 
distinguish between 8088/86processors. 
A complete CPU determination pro¬ 
gram, CPUID, was published in the ear¬ 
lier April 1986 issue. Both ATP ERF and 


CPUID are available for downloading 
from PCTECHline, 301/740-8383. (Pa¬ 
rameters: 2400/1200/300 bps, no par¬ 
ity, 8 data bits, 1 stop bit.) 

—TM 

ERRATA 

In Justin Crom’s reply to a letter from 
C. W. Tittle on QuickBASIC 4.0 (Letters, 
August 1988, p. 16), the second sen¬ 
tence of the first paragraph of the reply 
should read: In contrast, the .EXE file 
generated by the QB4 compiler from 
the same single-precision source code 
yielded the correct result. 

Tech Notebook, September 1988, 
had an error in the listing on page 143 
for ASKSYS.ASM. Lines 54 and 55 of the 
program should read as follows: 

int8 = 8*4 
boot2: xor ax,ax 

In the published version, the label was 
inadvertently placed one line too high. 
We apologize for any inconvenience 
caused by this error. An updated listing 
is available on PCTECHline. 

In Tech Releases in the September 
1988 issue, a reader service number 
was omitted from the item on Herald 
Mail from Emissary Systems Limited 
(p. 38). Readers interested in this prod¬ 
uct can circle number 332 on the 
reader service card in the current 
issue. In the same Tech Releases col¬ 
umn, the telephone number for Com¬ 
paq Computer Corporation was incom¬ 
plete. The number is 713/370-0670. 

An incorrect telephone number 
was listed for cadware, a vendor listed 
in the sidebar “A Sampling of CASE 
Tools” in the article “The CASE for 
Structured Development” (Carma Mc¬ 
Clure, August 1988, p. 51). CADWARES 
telephone number is 203/397-2908. 

PC Tech Journal sincerely regrets 
these errors. 


COMMENTS WELCOME 

All letters to the editor should be 
directed to Editor, PC Tech Journal , 
Suite 800, 10480 Little Patuxent Park¬ 
way, Columbia, MD 21044. Corre¬ 
spondence also can be submitted 
over MCI Mail to PCTECH. 

Although PC Tech Journal can¬ 
not publish all letters received, 
every effort is made to answer as 
many as possible. Please keep letters 
to the point; include name, mailing 
address, and telephone number; 
when a letter is lengthy, a dis kette is 
appreciated. 1 riSm Bj) 


Four ways to build 
better Cprograms... 

POWER 

^ Screen 

> $129 v 

Screen 1/0 manager. 

Features: ♦ screen painter ♦ virtual screens 
♦ data validation ♦ context sensitive help 

♦ unlimited screens ♦ definable keys 

♦ &much more! 

C Tools 
Plus 

$129 

Full featured function library. 

♦ For Microsoft C 5.0 and QuickC. 
Features: ♦ TSR support ♦ direct video access 
♦ VGA and EGA support ♦ windows and 
menus ♦ DOS memory allocation ♦ interrupt 
service routines ♦ & much more! 

CAsynch 

Manager 

$175 

Asynchronous communication manager. 
Features: ♦ speeds to 19.2Kbaud 

♦ X0N/X0FF protocol ♦ hardware 
handshaking ♦ XModem file transfer ♦ 1/0 

buffers up to 64K ♦ & much more! 

TurboC 
Tools 

$129 

Full featured function library. 

For Borland’s Turbo C. 

Features: ♦ TSR support ♦ direct video 
access ♦ VGA and EGA support ♦ windows 
and menus ♦ DOS memory allocation 
♦ interrupt service routines ♦ & much more! 

We’re Blaise Computing, manufacturers of high quality 
function libraries designed to reduce the time and technical 
expertise required for serious applications development. 

All of our packages include a comprehensive user refer¬ 
ence manual with extensive examples, and sample programs. 

Satisfaction guaranteed or return within 30 days for a 
full refund. 

We have a full line of products for C and Pascal. For a 
free brochure or to order call 

800-333-8087! 

BLAISE COMPUTING INC. 
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2560 Ninth Street. Suite 316 Berkeley. CA 94710 (415) 540-5441 
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Intel announces 


Attempt 
file transfer. 




Announcing the first non-stop communications route 
between businesses anywhere in the world. 

Intel’s Connection Coprocessor™ 

It’s a whole new way to send and receive programs, 
files, text, graphics and electronic messages. Not just 
between PCs, but with fax machines as well. 

The Intel Connection is a new 
communications coprocessing board 
that frees your PC from the task of 
communicating. 

Which means you can work on your 
computer non-stop—even while 


sending a document as big as the New York phone book. 

Now your faxes or files can fly cross country. And you 
can still be zooming around in your flight simulator. Or 
writing that letter to your biggest account. Or recalculating 
your spreadsheets for tomorrow’s meeting.Without 
interruption or downtime. 

And when you fax, there are no 
more stopovers at the printer, or 
cooling your heels in line at the fax 
machine. Because Connection lets you 
do everything without leaving your PC. 
And when you send files directly to 


The Intel 
is for convenient communications. 


Connection Coprocessor 


» 7 % 



©1988 Intel Corporation. Connection Coprocessor is a trademark of Intel Corporation. WordPerfect isa registered trademark ofWordFerfect Corp. AshtonTate is a registered trademark of AshtonTate Corporation Borland isa registered 
Microsoft is a registered trademark of Microsoft Corporation. *CAS (DCA/Intel Communicating Application Specification.) 






























Transfer failed. 
Spend 17 minutes 


Resend document, 
cross fingers. 



Work through 
lunch to make up 
for lost time. 


Finally, you send, 
but FAX line is busy. 


another Connection-equipped PC, you won’t have to fiddle 
around with modem parameters or protocols. Because the 
Connection Coprocessor sets them for you. At 9600 bps. 

Best of all, Connection supports CASfa new 
communication standard that is supported by major 
software and hardware developers like Ashton-Tatef 
Borlandf DCAf Microsoftf and WordPerfectf Which 
means you can send, for example, a word processing 
file to your London office, without ever exiting your 
WordPerfect program. 

You just send the document directly from your 
application.That’s it.There isn’t any complicated 


communications software to learn. 

And everything is backed by toll-free technical 
support and a five-year warranty from Intel. 

So what are you waiting for? Call 800-538-3373 now 
for a free demo disk. 

Because with Intel’s Connection Coprocessor, 
communication is really going to take off. 

Intel 
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SERIOUS DEBUGGING at a REASONABLE PRICE 


All the speed and power of a 
hardware-assisted debugger 
at a software price 



Hardware-level break points 

REAL-TIME break points on memory locations, memory ranges, 
execution, I/O ports, hardware and software interrupts. More 
powerful break points than ANY software-only debugger on the 
market. Soft-ICE gives you the power of an in-circuit emulator on 
your desk. 

Break out of hung programs 

With a keystroke - no external switch necessary. Even with 
interrupts disabled. 

Breaks the 640K barrier 

Soft-ICE uses ZERO bytes of memory in the first 1MB of address 
space. This is especially useful for those subtle bugs that change 
when the starting address of your code changes. With Soft-ICE 
your code executes at the same address whether the debugger is 
loaded or not. 

Works with your favorite debugger 

Soft-ICE can be used as a stand-alone debugger or it can add its 
powerful break points to the software debugger you already use. 
You can continue to use your favorite debugger until you require 
Soft-ICE. Simply pop up the Soft-ICE window to set powerful 
real-time break points. When a break point is reached, your 
debugger will be activated. 

Solve tough systems problems too 

Soft-ICE is ideal for debugging TSRs, interrupt handlers, self 
booting programs, DOS loadable device drivers, non-DOS 
operating systems, and debugging within DOS & BIOS. Soft-ICE 
is also great for firmware development because Soft-ICE’s break 
points work in ROM. 


How Soft-ICE Works 

Soft-ICE uses the power of the 80386 to 
surround your program in a virtual machine. 
This gives you complete control of the DOS 
environment, while Soft-ICE runs safely in 
protected mode. Soft-ICE uses 80386 
protected mode features, such as paging, I/O 
privilege level, and break point registers, to 
provide real-time hardware-level break points. 


RUN CODEVIEW 


IN O^LY 8K! 




CodeView is a great integrated debugger, but it 
uses over 200K of conventional memory. 
MagicCV uses advanced features of the 80386 
microprocessor to load CodeView and symbols in 
extended memory. This allows MagicCV to run 
CodeView using less than 8K of conventional 
memory on your 80386 PC. 

Don’t let 640K be your limit! 

If you are closing in on the 640K limit and would 
like the power of CodeView, MagicCV is for you. 

Don’t let the debugger hide the bug! 

Even if you’re not closing in on the 640K limit, 
running CodeView with MagicCV makes your 
debugging environment much closer to the end 
user’s program environment. You can use 
CodeView to locate subtle bugs that only occur 
when there is plenty of free memory, or those 
difficult bugs that only occur when your program 
is running with a couple of TSRs loaded. 

How MagicCV works 

MagicCV uses the 80386 to create a separate 
virtual machine for CodeView. MagicCV uses 
between 4K & 8K of conventional memory as a 
bridge between the DOS environment and 
CodeView. 

MagicCV is easy to use 

If you are a CodeView user, you already know how 
to use MagicCV too. Just type MCV instead of 
CV; everything else is automatic. 

( Save $86 ) 


“ Soft-ICE is a product any MS-DOS 
developer serious enough to own a 
386 machine should have.” 

Dr. Dobb’s Journal —May 1988 


MagicCV $199 

Soft-ICE $386 

Buy Both and Save $86! 

CALL TODAY 
(603) 888 - 2386 
or FAX (603) 888-2465 

30 day money-back guarantee 
Visa, Master Card and AmEx accepted 

HU-MEGA TECHNOLOGIES 


P.O. BOX 7607 • NASHUA, NH 03060-7607 


Both require 80386 AT compatible or IBM PS/2 Model 80. MagicCV requires at^^j 
least 384K of extended memory. CodeView is a trademark of Microsoft Corporation 


MagicCV 
with Soft-ICE 

Using Soft-ICE with Code¬ 
View gives you the features 
necessary for professional 
level systems debugging. 
MagicCV and Soft-ICE can 
work in concert with Code¬ 
View to provide the most 
powerful debugging 
platform you will find 
anywhere. 
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WILL FASTIE 


New Directions 

Compaq’s First True Portable 

With the SLT/286, Compaq moves from the realm of transportables 
to portables. □ Also, new VGA technology; and MacWorld 



C ompaq Computer Corporation 
founded its successful business 
on the premise that some com¬ 
puter users might want to carry their 
computers around with them. Not just 
any computer, mind you, but one that 
affords the same functionality on the 
road as a desktop machine. True to its 
origins, Compaq has made every one 
of its transportable computers in that 
same mold, allowing travelers to carry 
(or lug) their desktop with them. 

Because portable computers are so 
much a part of the Compaq mystique, 
we all have expected for quite some 
time that the company would offer a 
true portable. By true I mean a clam¬ 
shell design—that tiny, light, use-it- 
anywhere form factor that differentiates 
a portable from a computer-in-a-suit- 
case. Industry pundits have been pre¬ 
dicting such a machine from Compaq 
for the last 18 months. That machine is 
finally here, and it’s a dandy. 

The 14-pound unit is called the 
SLT/286. The letters stand for Super 
LapTop; while I would prefer that Com¬ 
paq leave the adjectives to those of us 
who make our living writing them, I 
am compelled to agree with their 
choice of words. The two features that 
make the SLT especially deserving of its 
name are its superior, VGA-compatible, 
backlit LCD screen and its power- 
conservation technology. 

The SLT is a 12-MHz 80C286 (C for 
CMOS) with 640KB of standard RAM, 
one enhanced nicad battery, an inte¬ 
grated VGA display, a single 1.44MB 
3.5-inch diskette drive, and either a 
20MB or 40MB hard disk. The smaller 
hard disk has an average access time of 
less than 29 ms and a 3:1 interleave, 
while the 40MB version has the same 
access and a 1:1 interleave. 

The standard unit also includes a 
parallel port, serial port, and external 
VGA interface, keyboard connector, and 
options interface. Memory can be ex¬ 
panded with a maximum of three 1MB 


modules on the system board for a sys¬ 
tem total of 3.6MB; memory can be ei¬ 
ther extended or expanded (compati¬ 
ble with version 3.2 of the Lotus/Intel/ 
Microsoft expanded memory specifica¬ 
tion) with a supplied driver. 

Internal options include an 80287 
coprocessor, a Hayes-compatible 2,400- 
bps modem, and a second serial port. 
The modem and the second serial port 
occupy the same space in the SLT, so 
only one of those two options can be 
used. External options include a stor¬ 
age module that can house either a 
1.2MB diskette drive, a 360KB diskette 
drive, or a 40MB tape backup unit. 

Another external option, the Desk¬ 
top Expansion Base, provides two 
classic-bus slots for, using Compaq’s 
term, “industry-standard" expansion 
boards. The unit includes its own 
power supply, which not only powers 
the expansion slots but also supplies 
sufficient power to operate the SLT/286 
and charge the battery at the same 
time. The Desktop Expansion Base at¬ 
taches to the back of the SLT and con¬ 
nects via the external options interface. 

While the SLT fits the definition of 
a clamshell configuration, it is some¬ 
what different from its predecessors. 
When closed, it looks much more like 
a lunchbox (see photo 1) than the 


Compaq Portable III, which carries that 
nickname (see “Portable III," Jim 
Shields, May 1987, p. 76). Closed, the 
SLT’s dimensions are 13.5 inches wide 
by 8.5 inches deep, which is reasonably 
compact. It is just under 4.25 inches 
high (or perhaps the word is thick), so 
it is not as flat as the typical laptop. 

Both the IBM Convertible and the 
Toshiba 1200 are 2.75 inches thick. 

Quantifying the size of laptop ma¬ 
chines is difficult because of their dif¬ 
ferent shapes and structures, so I pro¬ 
pose five measures: volume, weight, 
density, footprint, and lapload—a deriv¬ 
ative of footprint coined by senior 
technical editor Jim Shields, our resi¬ 
dent systems specialist. When using 
these measures, it is helpful to have a 
point of comparison, but as is typical of 
laptop machines, there is nothing else 
quite like this new model. What may 
come closest is the well-known 286- 
based Toshiba 3100 (see “Toshiba 
3100,” Ashley Grayson and John Vorn- 
holt, May 1987, p. 86); this comparison 
suffers, however, because the T3100 
does not operate on batteries. 

Volume is an important measure 
because it is the best indicator of the 
relative size of one machine in com¬ 
parison to another. Volume also indi¬ 
cates how bulky the unit is when car- 
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NEW DIRECTIONS 


PHOTO 1; SLT/ 286 —Ready to Travel 



Closed into its lunchbox profile, the SLT/286 is reasonably 
compact at 13 5 inches wide by 8.5 inches deep, yet at 
4.25 inches high, it is thicker than most other portables. 


PHOTO 2: SLT/ 286 —Ready to Work 



Even with the display opened up, the unit remains on the 
thick side. The open position, however, reveals the laptop’s 
readable, peppy, VGA-compatible LCD screen. 


ried, an essential consideration in a 
portable. The SLT/286 has a volume of 
just over 476 cubic inches opposed to 
the T3100’s 535 cubic inches; the SLT 
is, therefore, 11 percent smaller. 

Weight is, of course, the most im¬ 
portant measure when you are thinking 
about your shoulder. The carrying 
weight of the SLT is 14.2 pounds, in¬ 
cluding optional modem, compared 
with the T3100 at 14.7 pounds. The 
addition of the AC adapter to the SLT 
package raises its weight to almost 16 
pounds. Most travelers will probably 
opt for the flexibility of using either 
the built-in battery or AC adapter, so 16 
pounds is perhaps the more accurate 
figure. Keep in mind that the T3100 
does not have a battery option. 

A related measure, density, is the 
weight divided by the volume and 
yields an indication of how tightly the 
weight is packed into the unit. For 
machines of similar weights, a higher 
density thus reveals a tighter packaging. 
The densities of both machines are 
similar: the SLT is 0.48 ounces per 
cubic inch, and the T3100’s is 0.44. 

Footprint, which could also be re¬ 
ferred to as the airline tray-table index, 
is width multiplied by depth. The SLT 
really has an advantage in that its 115- 
square-inch footprint is 32 percent 
smaller than the footprint of the T3100 
(168 square inches) and 20 percent 
smaller than even that of the 8086- 
based Toshiba 1200 series (144 square 
inches). This advantage is gained pri¬ 
marily because of the SLT’s 8.5-inch 


depth, which is 39 percent shallower 
than the T3100 and 29 percent shal¬ 
lower than that of the T1200. This ad¬ 
vantage, however, is somewhat offset 
by the added thickness of the SLT. 

Finally, lapload, measured in 
ounces per inch, indicates how heavy 
the unit feels sitting on your lap. Given 
two laptops of similar weight, the one 
with the smaller footprint will not 
spread the weight across as large an 
area, and thus will feel heavier. The 
lapload of the SLT is 1.98 ounces per 
square inch, 42 percent “heavier” than 
the T3100 at 1.40 ounces. 

These measurements clearly put 
the SLT/286 in the same ballpark with 
other high-performance portables, with 
perhaps an edge accruing to Compaq 
because of the unit’s shallow depth. A 
possible problem with the SLT involves 
the previously mentioned thickness. 
After the display has been rotated 
open, the remainder of the unit is 
about 1.5 inches thicker than conven¬ 
tional laptops (see photo 2). This could 
mean some trouble typing because you 
have no place to rest your palms. 

The SLT/286 can resolve this prob¬ 
lem in certain situations. The keyboard 
is removable, with a self-contained, spi¬ 
ral cord. When removed from the unit, 
the keyboard is only about three-quar¬ 
ters of an inch tall, so your palms can 
easily rest on your work surface— 
unless it’s an airplane tray table, in 
which case the SLT unit consumes the 
entire surface, leaving no place for an 
unattached keyboard. 


You should also be aware that the 
keyboard configuration closely matches 
that of the IBM PC Convertible, includ¬ 
ing the horrible doubling up of the 
cursor keys with Home, End, PgUp, and 
PgDn, activated by pressing the special 
Fn key. This arrangement is particularly 
troubling for WordPerfect users, who 
will find that key sequences formerly 
requiring only the right hand will now 
need synchronization with the left. I 
wish Compaq would ignore “standards” 
and simply improve the situation. 

LOOKING GOOD, SEEING WELL 

The most unremarkable feature of the 
SLT/286 is the new ten-inch-diagonal, 
compensated supertwist LCD. Lest you 
accuse me of contradicting my earlier 
statement about this display, which is 
truly a tour de force, let me describe 
my first outing with the machine. 

I spent about an hour working 
with the SLT/286 under the thoughtful 
gaze of Compaq executives. About half¬ 
way through this session, the Texans 
asked me how I liked the display. My 
reply was a shrug, as I had not thought 
much about it to that point. By the end 
of the session, however, I realized that 
my silence was a testament to the qual¬ 
ity of the new technology. 

When sitting down to work at a 
portable computer, most of us have 
come to expect minimal display quality. 
Veteran portable toters often say, “I 
love having the machine with me, but I 
wish the display were readable.” If we 
see an extraordinarily good display, we 
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may comment. If we see one that is 
substandard, we certainly complain. 

But, if we see a display that is more or 
less what we expect, we take it com¬ 
pletely for granted. 

This was precisely my experience. 
Sure, I knew I was staring at an LCD, 
which may have lowered my expecta¬ 
tions. But, I was also looking at a dis¬ 
play that I could read, and one that 
even had reasonably peppy perfor¬ 
mance. It did not immediately occur to 
me that I was also looking at a consid¬ 
erable technical accomplishment. 

Compaq, working with an un¬ 
named, outside vendor, has designed a 
brand-new display system for portables. 
It has approximately the same aspect 
ratio as a CRT display, so no squashed 
characters or distorted graphics are evi¬ 
dent. It is lit from behind with two 
low-power, neon fluorescent tubes that 
run the width of the display area. 

The light from this dual source is 
dispersed across the height of the dis¬ 
play with a layer of translucent mate¬ 
rial. Even with such dispersal, the neon 
tubes have greater intensity along their 
axes, so the designers also included a 
shadowmask, which is nothing more 
than a layer of opaque material with 
tiny holes over its surface. The holes in 
the mask, however, are small near the 
light source and larger toward the top 
and bottom of the screen, a technique 
that further evens out the light. A matte 
surface reduces glare, and two controls 
adjust the display, one for contrast and 
one for the intensity of the backlight. 

The effect is quite good. The view¬ 
ing angle is very wide; the minor varia¬ 
tions in head position that would cause 
me to lose the image on a PC Converti¬ 
ble’s LCD do not affect the Compaq 
display noticeably. 

As for performance, PC Tech Jour¬ 
nal's system-performance benchmarks 
(see “High-level Measurements,” Kent 
Quirk, September 1988, p. 54) rate the 
SLT’s 16-bit display subsystem as 42 
percent faster than Compaq’s own 8-bit 
EGA and only 13 percent slower than 
Compaq’s 16-bit VGA subsystem run¬ 
ning in a 16-MHz Deskpro 386S. These 
are more than respectable results for 
a battery-powered, laptop machine. 

The combination of size, perfor¬ 
mance, and readability makes the 
SLT/286’s display one of the best, if not 
the best, portable displays around. 

HOUR POWER 

The desire to take desktop power on 
the road is not without its price. The 
compromise usually exacted is either 


an AC tether, as in the Toshiba 3100, or 
a very short operational life on batter¬ 
ies, as is characteristic of the GridCase 
1530 from Grid Systems (see Product 
Watch, David Claiborne, August 1988, 
p. 131). Therefore, the other note¬ 
worthy* accomplishment of the SLT/286 
is the engineering that has gone into 
its power system. 

Any power-conservation system for 
a portable has three parts. The first is 
obviously in hardware and simply in¬ 
volves finding the components that 
consume the least power for the level 
of functionality desired. A good exam¬ 
ple is the hard-disk drive Compaq 
chose for the unit (which not surpris¬ 
ingly comes from Conner Peripherals, 
in which Compaq has a considerable 
investment). The hard drive consumes 
only 2 watts of power while operating, 
yet delivers an average access time of 
29 ms. In fact, the PC Tech Journal 
system-performance benchmarks rate 
the disk subsystem about 8 percent 
faster than the 40MB hard disk in the 
Deskpro 286. 

The second aspect of power con¬ 
servation also involves hardware. In 
order to conserve power, the SLT in¬ 
cludes circuitry to allow components of 
the system to be powered down under 
software control. 

Powering up components is usu¬ 
ally expensive in terms of power con¬ 
sumption; therefore, the third aspect 
of power conservation is the software 
strategy to be used to deliver smooth 
performance. This strategy needs to 
weigh the probability that a device will 
be accessed during the next interval of 
time against the power consumed by 
running the device continuously for 
that same time interval. For example, 
powering the device down for ten min¬ 
utes and then restarting it might be 
more efficient in terms of power con¬ 
sumption than keeping it running for 
those same ten minutes. 

The SLT/286 can turn just about 
any part of itself off, all under the con¬ 
trol of a power-conservation utility pro¬ 
gram called PWRCON, which supports 
user-configurable parameters. With an 
appropriate strategy in place, Compaq 
suggests, three continuous hours of 
operation are possible on a full battery, 
including the regular use of hard-disk 
and diskette drives. Unofficially, Com¬ 
paq executives and engineers feel that 
longer durations are likely under the 
right circumstances. The potential 
buyer should be aware that shorter 
durations are also possible for disk¬ 
intensive applications. 


fSLRT€ 

A Universal 
Printer Driver 
with more than 
250 printers 
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FEATURING 

• Extensive C Libraries to 
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• Field Definition of New 
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• No Royalties 
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Publishing 
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developing one new 
Printer Driver 
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What looks like DOS, 
acts like DOS, 
is easy like DOS, 

can hook everybody up 
and keep ’em hopping 
from program to program, 

and costs less than 
an office chair? 



The Comfortably Affordable 
(and alreadyavailable) PC _ M0S 


TM 


If you can afford a nice leather 
chair for your office, you can 
afford a multi-user, multi-tasking 
operating system that’s just as 
comfortable to use. 

PC-MOS incorporates break¬ 
through technology that allows 
you to fully harness the power 
and capabilities of 80386-based 
computers, while maintaining 
the compatibility and ease of 


use of DOS. So now you can 
have up to 25 inexpensive ter¬ 
minals driven by a single 80386 
processor. You can continue to 
use your favorite software pro¬ 
grams like Lotus 1-2-3,” dBASE 
III” and WordPerfect™ and you 
can keep using those familiar 
DOS commands like DIR and 
COPY. You can even run all those 
terminals as a single cluster 



THE SOFTWARE LINK 

3577 PARKWAY LANE • NORCROSS, GEORGIA 30092 
INSIDE GEORGIA: 404-448-5465 • FAX: 404-263-6474 


connected to a Novell server. 

PC-MOS comes in single, 
five and 25-user versions starting 
at $195. Your satisfaction is 
guaranteed or you get a com¬ 
plete refund. 

For more information about 
PC-MOS and the name of the 
authorized dealer nearest you, 
call 1-800-451-LINK. Then you 
can sit back and relax. 


PC-MOS is a trademark of The Software Link, Inc. All other brand names are the trademarks of their respective holders. 
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NEW DIRECTIONS 


Three hours is not a great endur¬ 
ance time for a battery, but consider 
another aspect. Compaq has engi¬ 
neered the battery for very fast re¬ 
charge cycles. With the SLT connected 
to the AC adapter and turned off, the 
battery completely recharges in only 
one hour—a fantastic time. If the ma¬ 
chine is being used, the battery charges 
in three hours. 

Considering my own travel pat¬ 
terns, I could probably have the 
SLT/286 available for most of a trans¬ 
continental flight and perhaps even all 
of it if I could find an outlet during the 
connecting layover. The machine could 
certainly be fresh every morning. With 
such short recharge times and with the 
SLT/286 working diligently to conserve 
the battery’s charge, Compaq’s estimate 
of three hours should be satisfactory to 
most portable laptop users. 

It is hard to tell if this new laptop, 
Compaq’s first, will find an enthusiastic 
market. Considering its brilliant display, 
high level of performance, no-compro¬ 
mises design, and minimal flaws (just 
the keyboard, really), Compaq would 
seem to have another hit on its hands. 
And, if you agree, you will pay the 
price. At $5,399 for the basic Model 20 
(with 20MB hard disk) and $5,999 for 


the Model 40 (40MB hard disk), the 
SLT/286 is not meant for everyone. 

Those who can afford it will cer¬ 
tainly not be sorry. 

COMPAQ'S OTHER BABY 

One of the points I made in my August 
1988 column (“IBM and Compaq Strike 
Again,” p. 31) was that the smaller cabi¬ 
netry of the Deskpro 386 S was likely to 
form the basis of the entire Compaq 
desktop line. Compaq has just intro¬ 
duced the second machine to appear in 
that form factor, the Deskpro 386/20e 
(see Tech Releases, this issue, p. 38). 

The system needs little explanation 
once you know that Compaq has 
dropped the original Deskpro 386/20 
from its line. In fact, it has also 
dropped the original 16-MHz 386 ma¬ 
chine. Compaq now offers only the 
386 S at the 16-MHz performance level 
and the similarly configured 386/20e at 
20 MHz (the Portable 386/20 is still 
available). The 386/25 remains in the 
original cabinet, offering the maximum 
expandability in the largest system unit. 

A trend is probably lurking here. I 
suspect that Compaq will repackage its 
top-of-the-line computer whenever it 
announces a faster one. When the 33- 
MHz 386 machines arrive, therefore, 


the 25-MHz machine will earn its e des¬ 
ignation and smaller form factor, while 
the faster machine will go in the old 
Darth Vader box. 

The price of the 386/20e is $5,199 
for a system with no hard disk, $6,599 
for 40MB, and $7,999 for 110MB. By 
comparison, the 386/20 was priced at 
$7,499 with a 60MB hard disk, $9,499 
for 300MB, and $12,499 for 300MB. As 
with the Deskpro 386 S, the serial, par¬ 
allel, and mouse ports are standard, as 
is a 1.2MB diskette drive and Compaq’s 
VGA subsystem. 

The VGA has been reduced to a 
chip instead of the piggyback board 
found in the 386 S; expect the chip to 
show up in the 386 S soon. Like the 
discontinued 386/20, the 386/20e in¬ 
cludes the 82385 cache controller and 
a socket for either the Intel 80387 or 
Weitek 3167 coprocessor. Those wish¬ 
ing to have both coprocessors must 
now turn to the only Compaq machine 
so equipped, the 386/25. 

The new machine and its new, 
lower price make the Compaq line 
more competitive with IBM’s PS/2 
Model 70. At $7,999, the 386/20e costs 
the same as the 20-MHz Model 70-121 
and delivers 25 percent faster perfor¬ 
mance (the 70-121 does not use the 
cache controller), contains Compaq’s 
fast, 16-bit VGA, and features a faster 
disk subsystem. The 386/20e also sup¬ 
ports 5.25-inch and 3.5-inch diskettes 
and can have either a second hard disk 
or an integral tape backup unit. It also 
offers one more expansion slot than 
the PS/2 and does not need to use a 
slot for even the largest 16MB memory 
configuration. IBM’s only remaining 
advantages are 10MB more disk capac¬ 
ity (worth about $136) and the Micro 
Channel (worth yet to be determined). 

The PS/2 Model 70 just got a lot 
less attractive. 

VGA NEWS 

The 16-bit VGA revolution was kicked 
off by Paradise Systems Inc., which sup¬ 
plied its chip to Compaq for its VGA 
subsystem. Compaq’s display perfor¬ 
mance took a significant leap ahead of 
the competition; more important, it 
called attention to the advantages of a 
16-bit design. Other manufacturers fol¬ 
lowed suit with third-party boards, such 
as AST’s VGA Plus. 

The situation in the VGA market is 
similar to what happened in both the 
CGA and EGA markets, with some dif¬ 
ferences. One difference is that IBM 
builds the chip into every PS/2, so as 


High Performance PC Based 
Graphics Coprocessors 

The Genesis™ Family of Graphics Controllers 

• Performance: All Genesis controllers feature the TI TMS34010 graphics processor chip 

• Flexibility: Programmable display resolution up to 1280 x 1024 in either 16 or 256 colors 

• Expandability: Memory expansion of up to 4 megabytes onboard RAM 

Systems Integrators and OEMs can now 
boost the power of their PC based 
computer system. Offload graphics 
intensive functions to the Genesis 
controllers, and developers will see a 
lOx to 40x speed improvement over 
EGA/VGA cards, as well as a 30% 
savings in host memory requirements. 
All Genesis controllers include a rich 
set of powerful industry standard 
programming tools. 

Call or write for more information. 


National Design, Inc. 


9171 Capital of Texas Hwy. North 
Houston Building, Suite 230 
Austin, Texas 78759 
(512) 343-5055 / FAX (512) 343-5053 
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In 1988, $3.5 billion in micro¬ 
computer software will be sold 
worldwide. During that same time, another 

$3.0 billion in sales will be lost to free distribution — better 
known as software piracy. And right now, Rainbow Technologies’ 
Software Sentinel™ is protecting close to $1.0 billion in software for 
developers who never wanted to be part of the free software distribution 
network in the first place, ( j The Software Sentinel hardware key is 
“execution control” software protection. It ships with the software and 
simply plugs into the PCs parallel port to be one 

hundred percent invisible to both user and jB | the soft¬ 

ware. Users can make as many copies as OhIBhSI they want. 
Make working submasters. Use a hard disk. Virtually anything that can 
be done with j* zg£ unprotected software. Except start freely 


distributing 
Rainbow fam- 
lected by the 



that software to other users, ( j The 
ily of Software Sentinel products. Se- 
very big to the not-so-big developers of 


DOS, OS/2 and Xenix software in worldwide markets. To the cool 
tune of close to a billion dollars. So far. 



RAINBOW TECHNOLOGIES 


18011-A Mitchell South, Irvine, CA 92714 • (714) 261-0228 •TELEX: 386078 • FAX: (714) 261-0260 

Rainbow Technologies, Ltd., Shirley Lodge, 470 London Rd., Slough, Berkshire, SL3 8QY, U.K.,Tel: 0753^11512, Fax: 0753-43610 

Copyright ©1988 Rainbow Technologies. Inc. Software Sentinel and SentinelPro are trademarks of Rainbow' Technologies. Inc. 

Xenix is a trademark of Microsoft Corporation. OS 2 is a trademark of International Business Machines Corporation. 
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NEW DIRECTIONS 


VGA technology advances, those ma¬ 
chines will be candidates for upgrades. 
A more significant difference is that the 
VGA market is advancing quickly, with 
many products that extend the VGA 
specification to include higher-resolu¬ 
tion modes or more colors. 

Recent announcements from two 
chip manufacturers make the market 
even more interesting. Chips & Tech¬ 
nologies (C&T) and Ahead Systems Inc. 
have designed VGA chips for specific 
market niches. 


C&T has a chip designated as the 
82C455, which is targeted for portable 
applications and is part of its LeAP 
(low-power enhanced AT portable) 
chip set. The chip supports either 8- or 
16-bit data paths, can drive a variety of 
the emerging 640-by-480 flat panel dis¬ 
plays, can handle up to 16 gray levels, 
and can map color to gray scales in a 
way that ensures legibility. The chip 
also supports EGA, CGA, monochrome, 
and Hercules modes and has power- 
conservation modes. C&T hopes to cap- 


Now COBOL Programmers 
Can Do Formatted Screens 
Quickly and Easily - with SCREENIO. 

Realia COBOL • Micro Focus COBOL • IBM COBOL/2 

SCREENIO is a high-performance, COBOL-specific screen manager for the Personal 
Computer and compatibles. It’s powerful, offers an impressive array of features, yet is easy 
to use. SCREENIO was written by experienced COBOL professionals and represents a 
truly COBOL approach to screen management on the PC. 

Design and Revise Screens Painlessly with Our Panel Editor. 

Use our interactive Panel Editor Facility to design your screens with a What-You-See-Is- 
What-You-Get approach. You can easily modify and experiment with screen layouts. Type 
titles and descriptive information on the screen, draw lines and boxes using the cursor 
movement keys, and paint the colors you want using the cursor keys or block functions. 
Use all 256 color combinations on your screens. 

Programming with SCREENIO is Easy. 

You can display your screen and accept data with as few as two statements; a COPY 
panelname in your WORKING-STORAGE SECTION, and a CALL SCREENIO state¬ 
ment in the PROCEDURE DIVISION. SCREENIO is linked with your application just 
as any other COBOL subroutine would be. 

Yes, we’ve always done windows. SCREENIO supports Edit Masks, Automatic Error 
Detection and Editing, High Speed Video, Hot-Fields, Key Redefinition, Foreign 
Language Capability, Custom Tabbing Order, Color Control at Runtime, PC Speaker 
Control, and much, much more. A BMS Mapset Import is available. Most programmers 
are amazed at how easy it is to build flashy applications using SCREENIO and COBOL. 

Our Support is Outstanding. 

We provide superb telephone support. Upgrades are distributed to licensed users 
automatically for the first year. There are no Runtime Fees—the code you develop is 
yours to distribute freely. 


We’11 Send You a Free Demonstration Diskette. 

This limited version of our Panel Editor shows how you design panels. 
Because it’s written with COBOL and SCREENIO, it shows the kind 
of features and performance you can expect in your applications. 

SCREENIO 2.1 is only $400 plus shipping. Ask about our 
other programming tools and package deals, too. In a 
hurry? Most orders are delivered within 24 hours! 
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Northern Computing Consultants 
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ture a share of the portable market 
with the LeAP chip set; we are likely to 
see some company following in Com¬ 
paq’s portable footsteps soon. 

Ahead Systems’ new chip is the 
AVGA. The two characteristics that 
make this chip so interesting are its 
higher performance and its extended 
modes. Ahead Systems claims that its 
proprietary design for the AVGA en¬ 
ables it to increase drawing speed 800 
percent over other VGA solutions, 
which would make it the fastest game 
in town. The chip also directly supports 
more color and higher resolutions. 

At 640-by-480 resolution, for exam¬ 
ple, the AVGA supports 256 colors out 
of more than 256,000, as opposed to 
IBM’s 16. Furthermore, the AVGA offers 
256 colors in an 800-by-600 resolution 
and 16 colors at l,024-by-768, the latter 
being the same as IBM’s optional 
8514/A adapter. One higher resolution, 
l,280-by-960, provides monochrome 
output. The AVGA chip thus offers not 
only much higher performance, but 
also 8514/A-like capabilities in the same 
amount of space in which IBM delivers 
basic VGA support. 

Other contenders undoubtedly will 
pop up in this market. It is clear that, 
once again, IBM has lost control of its 
own standard, much to the benefit of 
the marketplace. 

MACWORLD DISAPPOINTS 

We all keep hearing how Macintosh is 
making such strong inroads into corpo¬ 
rate America, propelled primarily by 
the strength of the huge and sophisti¬ 
cated base of graphics software for 
publishing and business-presentation 
graphics and the high level of interest 
in its ease of use. For the Mac to be 
successful in business, however, it must 
also support the software and hardware 
components necessary to allow its inte¬ 
gration into the corporate environment. 
These components are already present 
for the PC. The Mac and PC universes 
actually complement one another— 
where the PC is strong, the Mac is 
weak, and vice versa. 

During past visits to MacWorld, the 
computer industry’s major Mac-only 
show, I saw evidence of growing atten¬ 
tion to the real requirements of busi¬ 
ness. I also saw evidence of real inter¬ 
est in these developments by the at¬ 
tendees. This was true even as recently 
as last January in San Francisco. In Bos¬ 
ton’s MacWorld show in mid-August, 
however, I came away with quite a dif¬ 
ferent opinion. 
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MAGIC PC ELIMINATES CODING ... CUTS MONTHS OF DATABASE DEVELOPMENT! 


Time is money. And coding a DBMS 
application like Accounting or Order 
Entry takes a lot of both. Simply be¬ 
cause hacking out mountains of code 
with your RDBMS or 4GL is too 
slow. Not to mention the time to re¬ 
write if you make a mistake or change 
the design. 

EXECUTION TABLES 
ELIMINATE CODE! 

Magic PC cuts months of your appli¬ 
cation development time because it 
eliminates coding. You program with 
the state-of-the-art Execution Tables 
in place of conventional programming. 

HOW DOES IT WORK? 

Magic PC turns your database design 
scheme directly into executable appli¬ 
cations without any coding. Use Exe¬ 
cution Tables to describe only what 
your programs do with compact design 
spec’s, free from lengthy how to pro¬ 
gramming details. Each table entry is 
a powerful non-procedural design in¬ 
struction which is executed at com- 
piled-like speed by a runtime engine. 
Yet the tables can be modified “on the 
fly” without any maintenance. De¬ 
velop full-featured multi-user turn¬ 
key systems with custom screens, 
windows, menus, reports and much 
more in days — not months! No more 
low-level programming, no time 
wasted... 

Requires EBM/100% comp., 512K, hard disk. DOS 3.0 or later. 
Includes BTRIEVE runtime. Not copy protected. 2 5.25-inch disks. 
All trademarks acknowledged. ® Copyright 1988 Aker Corp. 


MAGIC PC 

Database Language 



RH 


MAGAZINE 


“Magic PC’s database en¬ 
gine delivers powerful app¬ 
lications in a fraction of 
the time... there is no com¬ 
petitive product ’’ 

“Overall, Magic PC is one 
of the most powerful DBMS 
packages available.” 


• Quick Application Generator 

• BTRIEVE® - based multi-user RDBMS 

• Visual design lang uage eliminates coding 

• Maintenance-free program modifications 

• Easy-to-use Visual Query-By-Example 

• Multi-file Zoom window look-ups 

• Low-cost distribution Runtimes 

• OEM versions available 

ATTENTION BTRIEVE® USERS 

Now you can quickly enhance your BTRIEVE®- 
based applications beyond the capabilities of 
XTRIEVE® and RTRIEVE®. Use Magic PC as 
a turn-key BTRIEVE® Application Generator to 
customize your applications without even chang¬ 
ing your existing code. 



19782 MacArthur Boulevard, Suite 305 
Irvine, California 92715 
TLX: 493-1184 FAX: 714-955-0199 


DATABASE PROGRAMMERS 

Join the thousands of professional 
database programmers and vertical 
market developers who switched to 
Magic PC from dBase®, R:BASE®, 
Paradox®, Clipper®, Dataflex®, Rev¬ 
elation®, Basic, C, Pascal, etc. 


TRY BEFORE YOU PAY 


We’re so sure you’ll love Magic PC — 
we’ll let you try the complete package 
first Only a limited quantity is avail¬ 
able, so call us today to reserve your 
copy. Pay for Magic PC only after 30 
days ofworking with it.* To cancel... 
don’t call... simply return in 30 days 
for a $19.95 restocking fee. 

OR PAY NOW AT NO RISK 

Pay when you order and we’ll wave 
the $19.95 restocking fee so you have 
absolutely no risk. 


SPECIAL OFFER MS 



Magic LAN multi-user — $399 
Magic RUN — call for price 


Order Now Call: 
800-345-MAGIC 

In CA 714-250-1718 

BS CL CS DB DD MS PT TT DS XX 

Add $10 P&H, tax in CA. International orders add $30. 
‘Secured with credit card or open P.O. Valid in US. 
Dealers welcomed 

















NEW DIRECTIONS 


To assess the situation, I looked 
for two trends. The first is connections; 
in order to play in the IBM-dominated 
corporate world, a machine first has to 
connect to it. Second, the connected 
machine must be able to handle the 
data residing on the hosts or anywhere 
else in the system, a requirement that 
today implies sophisticated data- 
management software at the desktop. 

Not much has changed in the 
world of connections. Most of the 
known vendors of such products were 
present and showing their wares, from 
the straightforward 3270 products to 
the more complex LAN systems. The 
presence of these vendors clearly dem¬ 
onstrates that a set of connectivity solu¬ 
tions exists. The significant point from 
my perspective was the low level of 
traffic through these booths, demon¬ 
strating a serious lack of interest. 

The light traffic in this area 
seemed to converge on the TOPS and 
Novell booths. That TOPS continues to 
generate interest is hardly surprising, 
and Novell has strengthened its offer¬ 
ing with Mac support in recent releases 
of NetWare. By comparison with traffic 
at a Novell booth at Comdex or PC 
Expo, however, you could hardly call 
the level of interest high. 

I paid a visit to the booth of every 
vendor of data-management software 
and was stunned by what I found—or, 
more to the point, what I did not find. 
In January, for example, Acius’s booth 
showing 4th Dimension was packed—it 
was the hottest new data manager on 
the block back then. By August in Bos¬ 
ton, enthusiasm had dimmed and the 


Acius booth was lightly visited. This 
was the story at other booths as well. 
Even Nashoba Systems’ FileMaker (now 
made by Claris), the leading data man¬ 
ager in the Mac market (43 percent 
share according to published figures), 
and its multiuser upgrade, FileMaker 4, 
did not generate their typical level of 
attention, although that might have 
been due to confusion as a result of 
FileMaker’s recent change in owners. 

The one exception to this ob¬ 
served lack of interest was Oracle, 
which was showing off its capabilities, 
including a HyperCard front end for 
the Macintosh. The Oracle booth was 
absolutely packed every time I wan¬ 
dered by. The crowds, however, might 
not have been the result of the data- 
management and connectivity strengths 
of Oracle; a casual question to several 
visitors at the booth revealed that the 
HyperCard connection is what had 
drawn them in. 

At a panel session entitled “Status 
Report: Mac Databases,” attendance was 
light; the room was less than half full. I 
would have expected a bigger crowd if 
data management were a hot issue in 
the minds of the show’s attendees. Fur¬ 
thermore, rather than providing an up¬ 
date on the state of the data-manager 
market, most of the panelists used the 
opportunity to advertise their compa¬ 
nies’ products. All of them spoke 
mostly from the standpoint of personal 
information needs (as opposed to cor¬ 
porate data management). 

If the attendees at MacWorld were 
not interested in connecting with and 
processing corporate data, what were 


they looking at? You will hardly be sur¬ 
prised at the answer: the same old 
stuff. For example, several new entrants 
in the large-display monitor market 
were popular booths. Drawing, graph¬ 
ics, desktop-publishing software, and 
their related products got the most at¬ 
tention, with the new products in the 
category attracting the biggest crowds. 
Some new animation tools were also 
catching their share of attention. As evi¬ 
denced by the Oracle booth, anything 
connected with HyperCard was ex¬ 
tremely popular as well. The many new 
vendors with add-in or add-on hard 
disks garnered a high level of interest. 

If I had to answer the question, 
“What was the most significant trend 
you observed at MacWorld?” I would 
answer by saying that anything— 
literally anything—that was new at¬ 
tracted big crowds, while the estab¬ 
lished products received less attention. 
This, in combination with my other 
observations, convinces me that Mac¬ 
intosh lives in an immature market, 
one not quite ready to do corporate 
business. It was the kind of show that 
would dazzle an art director, graphic 
artist, or newsletter publisher, but 
would probably turn off systems devel¬ 
opers and integrators. 

Why can’t Mac get its corporate act 
together? Isn’t this a burning issue at 
Apple? Whatever the answer to these 
questions, this is certain: if Mac doesn’t 
learn to play better ball, it can forget 
about joining the big leagues. ["iTTmim tej 


Will Fastie is editorial director and found¬ 
ing editor of PC Tech Journal. 
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care of business, too. 


Introducing the COMPAQ DESKPRO 386/20e. 20-MHz 386 performance 
designed to fit the increasingly sophisticated needs of 286 users. 


HYDROSTATIC 



People who work with 386 personal computers 
used to be called rocket scientists. Now they're 
also called accountants, engi¬ 
neers, managers and CEO's. 

Thanks to the new COMPAQ 
DESKPRO 386/20e. 

It delivers 386 power to 
people whose demanding needs 
have outgrown the capabilities of 
their 286 PC's. Better 
yet, it packs all 
this power 

into a design that fits neatly on 
your credenza. 

Start with speed. Every¬ 
thing in the new COMPAQ 
DESKPRO 386/20e is optimized to go faster. 

Its 20-MHz Intel 386™ microprocessor with 
cache memory is surrounded by the exclusive 
COMPAQ Flexible Advanced Systems (Flex) Ar¬ 
chitecture. This high-speed combination runs the 
world's largest library of software 
25% faster than non-cache 20- 
MHz 386-based PC's. And 
50% faster than non-cache 
16-MHz 386-based PC's. 

Its optimized 32-bit de¬ 
sign also enables you to take full 
advantage of powerful 386 software and 



High-speed VGA graphics are built in. 


You're in 
business with a 
20-MHz 386 microprocessor. 



Choose 5 J /*" and 3 V 2 " diskette drives. 


multitasking operating systems such as Microsoft® 
Windows/386, MS® OS/2, XENIX® and UNIX. 

You'll find that a long list of 
high-performance features is built 
in. One megabyte of memory. 
Sharp, high-speed VGA graphics. 
Support for 5 V 4 " and 3 %" diskette 
drives. And standard interfaces 
to connect a printer, mouse and 
communications devices. 

Of course you have growth 
potential. Five expansion slots are 
available: four for a network card, mainframe 
communications board, modem or other devices, 
and one high-speed 32-bit slot that allows you to 
expand memory up to 16 megabytes. 

You have options, too. There's room to add 
two high-speed fixed disk drives, with 110 or 40 
megabytes of storage. You can 
choose a 135- or 40-megabyte 
tape backup. Or match 
the number-crunching 
power of a dedi¬ 
cated engineering 

workstation by adding a powerful Intel 
387™ or Weitek 3167 coprocessor. 

With its integrated design and per¬ 
formance, the COMPAQ DESKPRO 386/20e 
represents the ultimate space vehicle. 



Standard 
interfaces are on board. 


comPAa 


It simply works better. 







Compaq makes 
high performance 
everybody's business. 
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COMPAQ DESKPRO 386/25 


COMPAQ DESKPRO 386/20e 


Whether you use a personal computer for launch¬ 
ing rockets or corporate acquisitions, Compaq de¬ 
livers the highest-performing solution. 

For those who want everything, now, the 
COMPAQ DESKPRO 386/25 is the most powerful 
PC available. For growing performance require¬ 
ments, the new COMPAQ DESKPRO 386/20e is a 
move into the power structure. And for users con¬ 
sidering 286 PC's, the COMPAQ DESKPRO 386 s 
is an affordable route to the fast track. 


These PC's are simply the highest-performing 
in the world. That's one reason PC experts rate 
COMPAQ highest overall. And why for the past 
four years COMPAQ has been added by more 
FORTUNE 1000 corporations than any other brand. 

To make this performance part of your busi¬ 
ness, call 1-800-231-0900, Operator 70. In Canada, 
1-800-263-5868, Operator 70. We'll give you the lo¬ 
cation of your nearest Authorized COMPAQ Com¬ 
puter Dealer and a free brochure. 


COMPAQ* is a trademark of Compaq Computer Corporation. Intel? Intel 386 and Intel 387 are trademarks of Intel Corporation. Microsoft*, MS* and XENIX* are trademarks of Microsoft Corporation. 
MS* Windows/386 and MS* OS/2 are products of Microsoft Corporation. Product names mentioned herein may be trademarks and/or registered trademarks of their respective companies. 
•Registered U.S. Patent and Trademark Office. COMPAQ DESKPRO 386/25 graphics ©1988 Accent Software, Inc. ©1988 Compaq Computer Corporation. All rights reserved. 
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It simply works better. 





































Then. 



Ten years ago, the personal computer was 
a stand-alone in American business. 




Today, PC-based systems are running the firm. 


And PC Tech Journal leads the way. 

Every month we give America’s systems 
developers the technical, business-oriented 
information they need to design and imple¬ 
ment advanced PC-based systems. 

We reach the cream of the corporate 
computing market — 140,000 systems devel¬ 
opers currently working at thousands of 
PC-driven companies. 

That makes PC Tech Journal home to an 
unprecedented concentration of computer 
talent. And computer power. 


Advertisers: For our free brochure, “What 
Corporate Computing Is Coming To,” call 
301/740-8300; or send your business card 
to PC Tech Journal Brochure, 10480 Little 
Patuxent Parkway, Suite 800, Columbia, 
MD 21044. 



What corporate computing 
is coming to. 



















































































































































































































































































































Tech 

releases 

The latest in hardware, software, 
and technology for systems 
developers and integrators 



SYSTEMS 

Proteus Technology Corporation 

has announced the Proteus-386/25GT, 
a 25-MHz 80386-based microcomputer 
that uses very large-scale integration 
(VLSI) technology and a memory¬ 
mapping technique that includes high¬ 
speed static cache and advanced disk 
I/O technology to yield 5.7 MIPS. The 
Proteus-386/25GT comes standard with 
a 64KB static cache, 1MB of system- 
board memory (expandable to 16MB), 
support for both the Intel 80387 and 
Weitek 1167, two serial ports and one 




Proteus-386/25GT 25-MHz microcomputer 

parallel port, and eight expansion slots 
(one 32-bit, five 16-bit, and two 8-bit). 

It also includes one 1.2MB 5.25-inch or 
1.44MB 3.5-inch diskette drive and one 
diskette/hard-disk controller with 1:1 
interleave. The unit has an American 
Megatrends Inc. (AMI) ROM BIOS with 
built-in ROM setup and diagnostic soft¬ 
ware, plus EGA/VGA and Shadow RAM 
support. Base system, $4,795; mono¬ 
chrome system with a 40MB hard-disk 
drive, $5,445. 

Proteus Technology Corporation, 377 
Route 17, Aiiport 17 Center, Hasbrouck 
Heights, NJ 07604; 800/782-8387; 
201/288-8629 

CIRCLE 303 ON READER SERVICE CARD 


An AT-compatible microcomputer based 
on the 20-MHz 80386 is available from 
Tandy Corporation. The Tandy 4000 
LX comes standard with 2MB of 80-ns 
RAM, configured with single in-line 
memory modules (SIMMs). Standard 
features include a 1.44MB 3.5-inch dis¬ 
kette drive, support for an optional 20- 
MHz 80387, eight expansion slots (six 
16-bit and two 8-bit), and a 32-bit 
memory-expansion slot. The optional 
memory-expansion board allows a max¬ 
imum memory configuration of 16MB 
using 1MB SIMMs, or SMB using 256KB 
SIMMs. Storage options include 3.3-inch 
(720KB or 1.44MB) and 5.25-inch 
(360KB or 1.2MB) diskette drives; 

20MB (65-ms), 40MB (40- or 28-ms), 
and 70MB (28-ms) hard-disk drives; 
and a 40MB tape drive. The 4000 LX 
also features an enhanced 101-key key¬ 
board, one parallel port, and one serial 
port. Video choices include CGA, EGA, 
and VGA. $3,999. 

Tandy Coiporation, 1700 One Tandy 
Center, Fort Worth, TX 76102; 
817/390-3700 

CIRCLE 302 ON READER SERVICE CARD 

Compaq Computer Corporation has 

put its 20-MHz 80386-based microcom¬ 
puter into a smaller footprint case. The 
Compaq Deskpro 386/20e features a 
cache controller with 32KB of 32-ns 
static RAM, built-in VGA capability, sup¬ 
port for both a 20-MHz Intel 80387 or 
Weitek 3167, and serial, parallel, and 
pointing-device ports. 

Model 110 comes standard with 
1MB of 32-bit memory, one 1.2MB 
5.25-inch diskette drive, one 110MB 
hard-disk drive with an access time of 
less than 25 ms, four expansion slots 
(8- or 16-bit), and one 32-bit memory- 
expansion slot (which can accept a 
maximum of 16MB). An optional 
1.44MB 3-5-inch diskette drive is avail¬ 
able. Model 40 and Model 1 have the 
same features as the Model 110, except 
that Model 40 has a 40MB hard-disk 


Tfje AT-compatible Tandy 4000 LX 

drive with an access time of less than 
29 ms, and Model 1 has no hard-disk 
drive installed. Model 110, $7,999; 

Model 40, $6,599; Model 1, $5,199. 
Compaq Computer Corporation, 20555 
FM 149, PO. Box 692000, Houston, TX 
77269-2000; 713/370-0670 

CIRCLE 301 ON READER SERVICE CARD 


PERIPHERALS 

Three graphics controllers offered by 
Control Systems Inc. are designed 
around Texas Instruments’ 34010 
graphics processor. The artist De¬ 
signer 12 and artist Designer 16 
are versions for die IBM PC/AT and 
compatibles, and die artist Designer 
16MC is a version for IBM PS/2 mod¬ 
els. All three of die controllers use 
Control System’s proprietary artist gt 
software driver that uses display-list¬ 
processing techniques to enable no¬ 
wait redraws, bird’s-eye views, and 
zooms and pans concurrent with pro¬ 
gram operation. 

Widi 1,280-by-1,024 pixel resolu¬ 
tion, the artist Designer 12 supports 
both professional graphics language 
(PGL) and direct graphics interface 
standard (DGIS) drivers, via on-board 
firmware. It displays 256 colors from a 
16.7-million color palette and operates 
at a 64-KHz horizontal scan rate at a 
108-MHz bandwidth. It includes 512KB 
of on-board dynamic RAM; frame-buffer 
memory is handled by 1.25MB of on¬ 
board video RAM. $4,495. 

The artist Designer 16 and 16MC 
models both offer 1,664-by-1,200 pixel 
resolution for monochrome applica¬ 
tions. They support DGIS drivers and 
deliver detailed, flicker-free, noninter¬ 
laced images. The Designer 16 offers 
software-selectable 1- or 2-bit-per-pixel 
operation, with a display window of 
4,096-by-2,048 or 2,048-by-2,048 pixels. 
The Designer 16MC model offers 2-bit- 
per-pixel operation, with the same 
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Tfje small-footprint Compaq 386/20e 


Omni-Bridge diskette-drive controller from Sysgen 


functionality. It allows four shades of 
gray to be displayed at a resolution of 
about 150 dots per inch on a page-size 
monitor (comparable to the output of a 
300-dot-per-inch laser printer), artist 
Designer 16 and 16MC, $3,995 each. 
Control Systems Inc., 2675 Patton 
Road, St. Paul, MN 55113; 
800/826-4281; 612/631-7800 

CIRCLE 304 ON READER SERVICE CARD 

An 80286-based accelerator board for 
8088/86-based PCs is shipping from 
SOTA Technology Inc. The SOTA 
286i half-size board comes with a 286 
operating at 10 or 12.5 MHz, 16KB of 
high-speed RAM cache memory (ex¬ 
pandable to 64KB), and support for an 
optional 80287. The SOTA 286i board 
also offers a 16-bit local bus connector 
for adding options that include the 
Memory/l6i, which supports version 



SOTA Technologies SOTA 286i accelerator board 


4.0 of the Lotus/Intel/Microsoft ex¬ 
panded memory specification (EMS) 
or the extended EMS (EEMS) option 
that allows running OS/2. The board’s 
toggle switch permits switching back 
and forth between 286 and 8086/88 
modes. A connector is provided for the 
Floppy I/O Plus, a multimedia disk 
controller that supports as many as 
four diskette drives of varying densities, 
including high-density 1.2MB and 
1.44MB diskette drives. It contains both 
a parallel port and serial port, with an 
optional second serial port. SOTA 286i- 


10 (10-MHz), $495; SOTA 286i-12 
(12.5-MHz), $595; Memory/l6i (with 
0KB), $295; Floppy I/O Plus, $149. 

SOTA Technology/ Inc., 657 N. Pastoria 
Avenue, Sunnyvale, CA 94086; 
800/237-1713; 408/245-3366 

CIRCLE 307 ON READER SERVICE CARD 

A coprocessor board for the Apple 
Macintosh II provides MS-DOS software 
compatibility and 1MB of expansion 
memory when not running DOS appli¬ 
cations. The MAC/DOS II from Per- 
fecTEK Corporation includes an 
IBM-compatible parallel printer port in 
addition to the printer port on the Mac 
II, as well as an IBM-compatible RS-232 
communications port. Also included are 
disk-conversion and file-transfer utili¬ 
ties, and cable for direct transfer of 
files from PC to Macintosh computers. 
The MAC/DOS II is based on the Intel 
80286 running at 5 MHz, and it sup¬ 
ports an optional 80287. $1,495. 
PerfecTEK Corporation, 1455 McCarthy 
Blvd., Milpitas, CA 95035; 

408/263-7757 

CIRCLE 312 ON READER SERVICE CARD 

A diskette-drive controller that provides 
access to all standard diskette drives for 
IBM PC, PC/XT, and PC/AT machines 
has been introduced by Sysgen Inc. 
The Omni-Bridge half-slot board sup¬ 
ports 3.5-inch (720KB or 1.44MB) and 
5.25-inch (360KB or 1.2MB) diskette 
drives as well as QIC-40 tape backup 
drives. Omni-Bridge controls as many 
as four diskette storage devices in any 
combination, and it can replace or co¬ 
exist with the current diskette-drive 
controller. $95. 

Sysgen Inc., 556 Gibraltar Drive, 
Milpitas, CA 95035; 800/821-2151; 
408/263-4411 

CIRCLE 310 ON READER SERVICE CARD 

A nine-track magnetic-tape controller 
board for IBM PS/2 Micro Channel 
computers is offered by Overland 


Data Inc. The XL/2 has no switches or 
jumpers to permit easy installation, and 
it offers multiblock buffering on the 
board for increased performance of 
streaming-tape drives. DMA is not used, 
allowing more efficient data transfer. 
The XL/2 controller board works with 
any Pertec/Cipher-formatted nine-track 
tape transport, and it can interface with 



Overland Data’s XL!2 tape controller board 


most industry-standard formatted tape 
drives; it can read PE, NRZI, and GCR 
formats at 800, 1,600, 3,200, and 6,250 
bytes per inch. The board controls tape 
drives with data-transfer rates faster 
than 900,000 bytes per second. $1,395; 
optional Xenix 386 driver, $995. 
Overland Data Inc., 5620 Kearny Mesa 
Road, Suite A, San Diego, CA 92111; 
619/571-5555 

CIRCLE 311 ON READER SERVICE CARD 

A 2-8MB memory board for IBM PS/2 
Models 50 and 60 has been unveiled 
by Tall Tree Systems. The JRAM\2 
fully implements version 4.0 of the 
Lotus/Intel/Microsoft expanded-memory 
specification (EMS) and extended 
EMS (EEMS) through hardware, 
and it runs in systems with processor 
speeds as high as 16 MHz. The mem¬ 
ory board’s modular piggyback design 
permits it to exceed 4MB using only 
one slot. User-installable RAM consists 
of 120-ns 1MB DIP RAM chips. JRAM\2 
supports the full set of Micro Channel 
DOS registers and complete translation 
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CORE LAN Subitem from CORE International Perstor PS180-16F diskette/lxtrd-disk drive controller 


RAM. The board features switchless in¬ 
stallation and memory relocation, and 
it is completely software configurable. 
With 0KB, $399. 

Tall Tree Systems, P.O. Box 50690, 

2585 E. Bayshore Road, Palo Alto, CA 
94303; 415/493-1980 

CIRCLE 306 ON READER SERVICE CARD 

A 720KB or 1.44MB 3’5-inch internal 
diskette drive is available from Man- 
zana Microsystems Inc. The 3rd In¬ 
ternal drive reads, writes, and formats 
virtually all DOS formats. It comes with 
a Multiplexer Adapter Card, a 3.5-inch 
diskette drive mounted in a 5.25-inch 



Manzana Microsystem's 3rd Internal 3-5-inch diskette drive 

frame, and internal cabling. The 3rd 
Internal also features Manzana’s 3Five 
software, which includes a device 
driver and format program that gives 
users 720KB or 1.44MB of storage 
using any version of DOS from 2.0 to 
3.3. 720KB, $299; 1.44MB, $340. 
Manzana Microsystems Inc., P.O. Box 
2117, Goleta, CA 93118; 805/968-1387 

CIRCLE 309 ON READER SERVICE CARD 

Intel Corporation s Personal Com¬ 
puter Enhancement Operation (PCEO) 
has announced the release of Above 
Board Plus and Above Board Plus 

I/O, both of which feature support for 
version 4.0 of the Lotus/Intel/Microsoft 
expanded memory specification (EMS) 
and OS/2 hardware support for multi¬ 
tasking capability above 640KB. Above 


Board Plus can provide as much as 
8MB of memory with an optional 6MB 
piggyback memory board. Above Board 
Plus I/O is identical to Above Board 
Plus, except that it comes standard with 
one serial and one parallel port. Above 
Board Plus, $795; Above Board Plus 
I/O, $945; 2MB piggyback board, 

$2,195. 

Intel Coiporation PCEO, Mail Stop 
C03-07, 5200 N.E. Elam Young 
Parkway, Hillsboro, OR 97124-6497; 
800/538-3373; 503/629-7354 

CIRCLE 308 ON READER SERVICE CARD 

Additions have been made by Perstor 
Systems Inc. to the perstor 200 Se¬ 
ries of 16-bit controllers that incorpo¬ 
rate its proprietary Advanced Data Re¬ 
cording Technology. The PS180-16F, 
PS200-16F, and PS180-16FHP are dis 
kette/hard-disk controllers for 80286- 
and 80386-based microcomputers, with 
processor speeds as high as 25 MHz. 

The PS180-16F and PS200-16F 
models can increase hard-disk capacity 
by 90 and 100 percent, respectively, 
and they are port-address and register- 
set compatible with the IBM PC/AT con¬ 
troller. Features include a 16-bit bus, 
dual RAM, zero-wait-state data transfer, 
and an on-board BIOS supporting 
more than 60 types of hard-disk drives. 
Each controller manages two hard-disk 
drives and two diskette drives. Any 
combination of 3.5-inch (360KB or 
1.2MB) and 5.25-inch (720KB or 
1.44MB) diskette drives can be added 
to run concurrently with the hard-disk 
drives. The PS180-16F operates at 9 
Mbps and allocates 32 sectors per track; 
the PS200-16F operates at 10 Mbps and 
allocates 34 sectors per track. PS180- 
16F, $345; PS200-16F, $365. 

The PS180-16FHP offers the same 
features as the PS180-16F model, but it 
also includes a BIOS-resident cache 
that runs in any selectable combination 
of normal internal memory, the Lotus/ 
Intel/Microsoft expanded memory spec¬ 


ification (EMS), or AT extended mem¬ 
ory. This disk-caching capability in¬ 
creases the system data-transfer rate 
to between 800KB; and 4,000KB per 
second. $375. 

Perstor Systems Inc., 7631 E. Greenway 
Road, Scottsdale, AZ 85260; 
602/991-5451 

CIRCLE 305 ON READER SERVICE CARD 


CONNECTIONS 

Mass-storage LAN subsystems designed 
for use with Novell NetWare, IBM 
Token-Ring, PC-NET, 3Com, and other 
major networks have been developed 
by CORE International. Ranging in 
capacity from 150MB to 760MB, the 
CORE LAN Subsystems are compati¬ 
ble with 80286- and 80386-based AT- 
bus machines. 

Users can choose either one or 
two drives and one or two controllers 
per system (giving the option of mir¬ 
roring or duplexing under Novell’s SFT 
software). The LAN Subsystems have 
average access times of 16 ms or less, 
and they feature a high-performance 
ESDI interface. They come precon¬ 
figured in their own external cabinets. 
Prices range from $3,999 for one 
150MB drive and one controller to 
$13,099 for two 380MB drives and two 
controllers (for duplexing). 

CORE International, 7171 N. Federal 
Highway, Boca Raton, EL 33487; 
407/997-6055 

CIRCLE 319 ON READER SERVICE CARD 

Digital Communications Associates 
Inc. (DCA) has introduced DCA 3270 
APA Graphics, a software upgrade that 
allows users of DCA’s IRMAX, IRMALAN, 
and IRMAremote products to run mul¬ 
tiple-host graphics sessions. Features 
include on-line panning and zooming 
capabilities and a hot key that lets 
users switch among as many as five 
host graphics sessions. $495. 
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utomate the critical task of 
Configuration Management 
with easy to use and highly flexible 
tools from POLYTRON. You will 
discover why thousands of program' 
mers and managers at the leading 
software, aerospace, manufacturing 
and service companies use the 
POLYTRON Version Control 
System (PVCS™) and Poly Make™ 
to control the revisions and ver¬ 
sions of source code and automate 
the rebuilding process with une- 
quailed power and precision. PVCS 
and PolyMake can be used inde¬ 
pendently or together. 

In terms of features, PVCS pro¬ 
vides everything necessary to a 
large multi-programmer project — 
more than any other package 
reviewed .. .all aspects of opera¬ 
tion can be customized for specific 
project needs, ff 

PC Tech Journal 

Unmatched Capabilities 

• Storage & Retrieval of Multiple 
Revisions of Source & Binary Code 

• Maintenance of a Complete History 
of Changes 

• Source Code Access Control 

• Optional Merging of Simultaneous Changes 

• Release and Configuration Control 

• Project Activity Reports 

• Management Reports 

• Control of Separate Lines of Development (Branching) 

For Simple & Complex Projects 

Automatically rebuild and maintain simple or 
highly complex projects consisting of thousands of 
modules, multiple directories & disks, and 
geographically dispersed development locations. 

Multiple Platform Development 

If your projects are developed in a multiple 
operating system environment, or will be ported 
to run on another OS in the future, PVCS and 
PolyMake will make your job easier. The PVCS ar¬ 
chive files (logfiles) and the command interfaces 
are exactly the same across operating systems. The 
same PolyMake makefiles can run unchanged on 
the different operating systems. 

Supports ANY Language 

PVCS maintains individual archives of all project 
components in your system — source code 
modules, data files, documentation and even ob¬ 
ject code. The “source documents” can be written 
in any language or multiple languages. PolyMake 
is also language independent. 

Call About Our OEM/VAR Strategic Alliance Program 

MS-DOS OS/2 Macintosh 


CONFIGURATION 
MANAGEMENT 
MADE SIMPLE 


Fast Retrieval of Revisions 

PVCS uses “reverse delta storage” which saves disk 
space and speeds retrieval of the latest versions of 
any module or an entire system. A delta is the set 
of differences between any revision and the previous 
revision. Differences are automatically detected 
and stored when programmers “check in” a file. 

A Practical Necessity for LANs 

While important for single-programmer projects, 
PVCS is absolutely essential for multiple- 
programmer projects and LAN-based development 
efforts. In a LAN environment, source code 
modules are simply too easy to change. Because any 
change to any module can have major ramifica¬ 
tions, coordinating and keeping a record of changes 
is critical. Project leaders can determine on a 
module-by-module basis, which programmers can 
access or modify source files, libraries, object code 
or other files. Levels of security can be tailored to 
meet the needs of nearly every project. PVCS 
works on all major LANs and networks, including 
networks with multiple computer types. 


The Leading Change 
Management System 


The World’s Best Selling 
Build Utility 


Po\i^s 


PVCS 
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WORLDWIDE 


i i PVCS has helped us maintain 
nearly 90 programs and utilities. 
Without it we would not have the 
quality of our new release of 
NetWare, ff 

Jonathan Richey 
Director of Product Development 
Novell 

Adopt PVCS & PolyMake 
On Existing Projects 

You can obtain the benefits of con¬ 
figuration management for your 
current project without disrupting 
development, regardless of how 
long your project has been under 
way. You can build PVCS archives 
from revisions stored in your pre¬ 
sent archives or simply adopt 
PVCS from the current date. 

PolyMake Works With PVCS 

PolyMake understands the structure of PVCS 
logfiles and is able to correctly determine the time 
and date of any module revision. This prevents un¬ 
necessary operations that occur when the date and 
time of the revision archive file itself is used as with 
other Make utilities. 

The Price AND Performance Leader 

POLYTRON products are priced on a “Per User” 
basis. The price per user decreases as you add users. 
■ MS-DOS, Macintosh MPW: Personal PVCS 
(for single programmer projects) $149 for single 
user. Corporate PVCS (has features for larger, more 
complex projects including unlimited levels of 
“branching”) $395 for single user. Network PVCS 
(includes file locking and security features for LAN 
use) $1,284 for 5 users. PolyMake $149. Network 
PolyMake $484 for 5 users. ■ PVCS and PolyMake 
are packaged together on OS/2, Sun UNIX and 
VAX/VMS. ■ OS/2: $695 single user, $2,259 for 
5 users. ■ Sun UNIX: $795 single user. $2,584 for 
5 users. ■ VAX/VMS any model: $995 single user. 
$3,233 for 5 users. ■ Call for price quotes. 

*OS/2 & Sun UNIX versions available late 1988. 

30 Day Money Back Guarantee 

TO ORDER: 1'800'547'4000 

Ask for Dept. PTJ. Send Checks and P.O.s To: 
POLYTRON Corporation, 1700 NW 167th Place, 
Beaverton, OR 97006. FAX (503) 645-4576, 
TELEX 325800 POLYTRON 




























































































2400etc 


INCREDIBLY POWERFUL 
AMAZINGLY AFFORDABLE. 
AND T01ALLY ERROR FREE. 




The 2400etc with MNP level 5 guarantees 100% error 
free data transfer. And, using data compression, provides throughput speeds 
above 4800bps. 


$23900 

LIST PRICE 


The 2400etc operates in MNP and non-MNP 
modes and uses automatic feature recognition to 
establish a connection at the highest mutual error 
control level and operating speed. 


Other standard features include 100% compatibility with the full standard and 
extended AT command sets. Adaptive dialing - Tone or Pulse, Automatic dial, 
redial and answer. Four communications ports 1,2,3,4. Software controlled 
speaker etc, as ATI proudly calls it. 


Imagine a modem so powerful it could deliver twice the throughput 
of a 2400bps modem. So reliable it would only send 100% error 
free data. Pick up a 2400etc and experience it. 

The 2400etc is a high performance internal modem for the 
IBM PC/XT/AT and compatible systems. It includes an ATI custom 
designed digital signal processor which allows the modem to function 
on extremely noisy lines. 


“Smart Idea” 


All this. ..and a FREE copy of Mirror II communications software. 


For use with IBM PC/XT/AT compatible systems. 


November 14-18, 1988 

Las Vegas Hilton Hotel 
Las Vegas, Nevada 

Booth 7050 



ATI Technologies Inc., 3761 Victoria Park Avenue, 
Scarborough, Ontario, Canada M1W 3S2. 
Tel: (416) 756-0718 Telex: 06-966640 (ATI TOR) 
Fax: (416) 756-0720. 


ATI is a registered trademark of ATI Technologies Inc. IBM PC/XT/AT are trademarks of 
International Business Machines. MNP is a trademark of Microcom Corporation. Mirror II is 
a trademark of Softklone Distributing Corporation. 
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Megahertz Corporation's EasyTalk 3270 emulation board Emerald Systems EmSAVE screen with tree-format menu 


DCA also announced IRMALAN 
802.2 Gateway, which allows PC users 
on non-IBM or IBM NETBIOS-compati- 
ble LANs to' access a 3270 mainframe 
computer through an IBM Token-Ring 
LAN. When the Gateway is used with a 
Token-Ring connection, as many as 64 
PCs running IRMALAN SNA Workstation 
or APA Graphics software can access a 
3270 mainframe. $595. 

The company also offers IRMAX 
DFT, a software product for IBM 3278/ 
79 terminal emulation that uses the 
enhanced connectivity capabilities of 
DFT technology to provide users access 
to a wide range of applications and 
functions. IRMAX DFT supports as 
many as five host sessions for 3278/79 
terminal emulation. It also supports 
DCA’s 3270 APA graphics-control pro¬ 
gram for access to mainframe graphics, 
and both DCA and IBM mainframe 
file-transfer software. Prices until Janu¬ 
ary 31, 1989: bundled with hardware, 
$995; without hardware, $295 (there¬ 
after, $1,195 and $395, respectively). 
Digital Communications Associates Me., 
1000 Alderman Drive, Alpharetta, GA 
30201-4199; 800/241-4762; 
404/442-4000 

CIRCLE 313 ON READER SERVICE CARD 

A 3270 emulation board for Toshiba 
laptop computers has been announced 
by Megahertz Corporation. The 
EasyTalk 3270 board fully supports all 
IRMA and IBM emulation, file transfer, 
and application software. It automati¬ 
cally configures itself to run IRMA or 
IBM software without the need for 
jumper changes. EasyTalk 3270 is pack¬ 
aged with IND$FILE support and 3270 
emulation software. The board is com¬ 
patible with IBM control units 3276, 
3274, and 3174 in both CUT and DFT 
modes. $599. 

Megahertz Corporation, 4505 S. 

Wasatch Blvd., Salt Lake City, UT 
84124; 800/338-8726; 801/272-6000 

CIRCLE 317 ON READER SERVICE CARD 


Rabbit Software Corporation has 
produced RabbitGATE II, a family of 
LAN-gateway products that enables a 
user at a single DOS workstation on a 
LAN to connect to SNA, DFT, BSC, and 
X.25 mainframe sessions simultaneously 
from multiple windows, with concur¬ 
rent DOS and notepad, via coaxial 
cable connections. All RabbitGATE II 



RabbitGATE II LAN gateway 1 add-in board 


products are fully integrated, so a user 
needs to learn only one interface. The 
products offers optional all-points- 
addressable (APA) and S3G graphics 
support. RabbitGATE II SNA, 8-, 40-, 
and 64-session versions, $2,395, $5,995, 
and $7,995, respectively; RabbitGATE 
II DFT, $1,695; RabbitGATE II BSC, 8 
and 32-session versions, $2,395 and 
$5,995, respectively; RabbitGATE II 
X.25/PAD, $2,495. 

Rabbit Software Corporation, Seven 
Great Valley Parkway East, Malvern, PA 
19355; 800/RABB1T-C; 215/647-0440 

CIRCLE 318 ON READER SERVICE CARD 

A data-backup system for LAN adminis¬ 
trators who perform backup-and-restore 
functions of multiple file servers has 
been introduced by Emerald Systems 
Corporation. The EmSAVE data- 
backup manager operates on the 
RapidRecover cartridge and cassette 
tape-backup subsystems. EmSAVE auto¬ 
matically locates available network- 
server files, disk volumes, and subdi¬ 
rectories and displays them in a tree- 


format menu for selection. In a restore 
operation, EmSAVE first presents the 
user with all save sessions currently 
found on the mounted tape, then 
graphically displays a tree of files and 
subdirectories available for backup. The 
RapidRecover subsystems series in¬ 
cludes a 60MB cassette model (using 
.125-inch tape), a 60MB and 150MB car¬ 
tridge model (using .5-inch tape), and a 
300MB, dual-cartridge-drive subsystem 
(using .25-inch tape). EmSAVE applica¬ 
tions kits include five data cartridges, a 
media storage case, software, and docu¬ 
mentation. Cassette kit, $350; cartridge 
kits, $395 to $495; RapidRecover series, 
from $995. 

Emerald Systems also offers EmQ, 
a data manager for use with Novell’s 
Advanced NetWare. EmQ provides a 
shared backup-and-restore service for 
all users on a common PC network, 
regardless of network size. Users who 
access the server or bridge may exe¬ 
cute backups from their local worksta¬ 
tions or workgroup areas. When run¬ 
ning under NetWare 2.1, EmQ accepts 
the files and directories specified by 
the user, checks the availability of the 
backup device, and then completes a 
backup. EmQ operates with Emerald 
System’s VAST Device, a 2.2GB tape- 
backup subsystem with enhanced 
error-correcting code. The product in¬ 
cludes the EmQ software, ten 2.2GB 
VAST cassettes, two user manuals, and a 
cassette storage cube. $1,495. 

Emerald Systems Coiporation, 4757 
Morena Blvd., San Diego, CA 92117; 
800/553-4030; 619/270-1994 

CIRCLE 316 ON READER SERVICE CARD 

Two products that combine the Micro¬ 
soft OS/2 LAN manager and open sys¬ 
tems interconnection (OSI) networking 
software have been released by micom 
interlan, a division of micom Systems 
Inc. The micom interlan lan Manager 
Unlimited and the micom interlan 
lan Manager Limited allow users to 
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SDI3274 IAN Gateway for OS/2 from Software Dynamics of Florida 


integrate the OS/2 LAN Manager stan¬ 
dard into their OSI-based systems. The 
OSI networking software implements a 
Class 4 transport layer from data link 
through presentation, allowing end-to- 
end messaging reliability and flow con¬ 
trol. 

Other networking services sup¬ 
ported include peripheral sharing, print 
spooling, and station-to-station messag¬ 
ing. LAN Manager Limited allows as 
many as five workstations to access a 
single server; the Unlimited version al¬ 
lows an unlimited number of worksta¬ 
tions to do so. Both versions include 
OS/2 for the server. Unlimited, $2,195; 
Limited, $995. 

MICOM Systems Inc., 155 Swanson 
Road, Boxborough, MA 01719; 
800/526-8255; 800/835-5526; 
508/263-9929 

CIRCLE 314 ON READER SERVICE CARD 

An enhanced LAN gateway for OS/2 has 
been developed by Software Dynam¬ 
ics Inc. of Florida. Version 1.1 of its 
SDI3274 LAN Gateway emulates the 
functions of an IBM 3274 SNA/SDLC 
communications controller with at¬ 
tached terminals and printers. Host 
connections to IBM PC/ATs and compat¬ 
ibles or PS/2 machines can be accom¬ 
plished via modem, DFT connection, or 
Token-Ring DLC. Terminal emulation 
software supports model 2, 3, 4, and 5 
screen sizes; larger screens are viewed 
via scrolling and/or full-screen modes. 
Extended field and character attributes 
are available. 

IBM-compatible (IND$FILE) file 
transfer can be used to move data be¬ 
tween the PC and host, and IBM’s 
high-level language application pro¬ 
gramming interface (HLLAPI) is sup¬ 
plied for users who want to write HI I. 
programs to interface to the host via 
3270 screen. Both SCS (LU1) and DSC 
(LU3) printer types are available; they 
are selected automatically for the user 
at SNA bind time. Print data can be 


routed to any PC printer or to a disk 
file. Price ranges from $750 for a 1-LU 
gateway to $3,210 for a 32-LU gateway. 
Software Dynamics Inc. of Florida, P.O. 
Box 247, Dunedin, FL 34697-0247; 
800/812-4734; 813/733-8784 

CIRCLE 315 ON READER SERVICE CARD 


SOFTWARE DEVELOPMENT 

A software package for developing CD- 
ROM applications has been introduced 
by Hewlett-Packard Corporation. 

The HP LaserRETRiEVE package con¬ 
sists of two components: user-interface 
software that retrieves information from 
a CD-ROM, and database-build software 
that indexes and structures a large 
amount of information from multiple 
sources into one manageable database, 
ready for CD-ROM mastering. Once the 
CD-ROM is mastered and replicated, 
the HP LaserRETRiEVE graphics user in¬ 
terface allows the end user to search 
(with browsing and key words) and 
retrieve specified information from the 
CD-ROM. Single-license prices: user- 
interface software, $ 500 ; database-build 
software, $ 50 , 000 . 

Hewlett-Packard Coloration, Customei - 
Information Center, 19310 Pruneridge 
Avenue, Cupertino, CA 95014; 
800/752-0900 

CIRCLE 320 ON READER SERVICE CARD 

A product that allows printing of Post¬ 
Script language files on ordinary print¬ 
ers is available from Custom Applica¬ 
tions Inc. (CAI). Freedom of Press 
includes 35 fonts and an intelligent 
font-scaling system to allow infinite 
type sizes and rotation angles. Two ver¬ 
sions are available: one uses Bitstream’s 
Fontware and typefaces, and the other 
uses Compugraphics’ Intellifont and 
typefaces. Freedom of Press allows sup¬ 
ported 24-wire dot-matrix, ink jet, and 
laser printers to produce quality Post¬ 
Script language output. It runs on the 


Freedom of Press from CAI 

IBM PC/AT, PS/2 models, and 80386- 
based PCs and compatibles, using the 
machine’s parallel port to send the 
page image in graphics mode to the 
supported printer. $495. 

Custom Applications Inc., 5 Middlesex 
Technology) Center, 900 Middlesex 
Turnpike, Billeiica, MA 01821; 
800/873-4367; 508/667-8585 

CIRCLE 326 ON READER SERVICE CARD 

Versions of The Norton Utilities and 
The Norton Utilities Advanced Edi¬ 
tion that are compatible with DOS 4.0 
are shipping from Peter Norton 
Computing Inc. Both utility packages 
now allow users to take advantage of 
the enhanced features of DOS 4.0, such 
as hard-disk drives larger that 32MB. 
The Norton Utilities, $100; The Norton 
Utilities Advanced Edition, $150. 

Petei' Norton Computing Inc., 100 
Wilsbire Blvd., 9th Floor, Santa Monica, 
CA 90401-1104; 213/319-2000 

CIRCLE 325 ON READER SERVICE CARD 

Dynamic linking under .RTLink allows 
programmers to place logically separate 
functions in separate executable files 
without significant increases in pro¬ 
gram size. Offered by Pocket Soft 
Inc., .RTLink reduces the size of pro¬ 
grams compiled under MS-DOS by 
combining redundant code into a sin¬ 
gle runtime library. The linker changes 
the way the program is linked, not the 
program itself, and it works with most 
compilers. $495. 

Pocket Soft Inc., 7676 Hillmont Sweet, 
Houston, TX 77040; 713/460-5600 

CIRCLE 327 ON READER SERVICE CARD 

Enhancements to optasm 1.5, an opti¬ 
mizing DOS assembler for 8086 and 
80286 processors, have been added by 
SLR Systems. The product now pro¬ 
vides programmers with on-line help 
(through the use of hot keys and over¬ 
lapping help frames) and the ability to 
reference a particular command on the 
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GURU® IS A TIGHTLY INTEGRATED EXPERT SYSTEM 
DEVELOPMENT TOOL WITH THE ABILITY TO MAKE 
SEVERAL UNIVERSAL BUSINESS TOOLS WORK 
TOGETHER IN AN INTELLIGENT FASHION TO SOLVE 
REAL WORLD PROBLEMS. 


“GURUgives me the ability to instantly 
evaluate the cost impact of engineering 
changes to a *high tech’ Avionic 
manufacturing process by utilizing the 
integration of its expert system and 
database capabilities!’ 

Dr. Vince O’Rourke, 

Senior Business Manager, TRW 


GURU’S® intelligent integration of a 
powerful inference engine, rule set 
manager and familiar information 
management tools offers a total working 
environment that surpasses all expert 
system shells. 

EXPERT SYSTEM FEATURES 
[ENCASE SAVE AND REPLAY Save 
input to a consultation and replay it 
later to help track changes in system 
behavior due to rule set modification. 
DEFINE TUNING CONTROLS. Fine 
tune your expert system using a combina¬ 
tion of over 100 operating environment 
controls. 

0* MIXED FORWARD AND BACK¬ 
WARD CHAINING. Make your expert 
system run more efficiently by mixing 
forward and backward chaining. 

S'META RULES. Use within a rule set 
to examine or alter another rule in the 
midst of a consultation. 

0* DEPENDENCY DIAGRAM. Visualize 
the relationships and dependencies 
between rules, variables, and goals. 
0*PLUS. All the standard features of 
common expert system shells. 

In addition to all the standard features 
of common shells, GURU®, the complete 
expert system environment, provides you 
with the following seemlessly inte grated 
features: 

Information Management Tools 
0* BUILT-IN RELATIONAL DATA¬ 
BASE MANAGER. Access tables from 
an expert system rule or invoke a database 


command from a rule that is normally 
accessed through the user interface. 
dBase III® and dBase III+® files can also 
be accessed. 

0* BUILT-IN SPREADSHEET. Access 
cell values through a rule and use them 
as input to variables or updates during 
a consultation. A cell block definition 
can also be a command to run an expert 
system consultation. Lotus 1 2 3® 
files can be accessed easily and used in 
the same manner. 

0" BUILT-IN TEXT PROCESSOR. 
Embed program statements within a 
document to initiate an expert system 
consultation from the text document at 
the time it is printed. 

©'OTHER FEATURES: natural language 
interfaces/forms management/report 
generation/SQL queries. 



mdbs 

TUB KNOWLEDGE MANAGEMENT COMPANY 


GURU® TUTOR. Develop prototype 
applications using this fully functional 
environment which includes all of the 
expert system and information manage¬ 
ment features of GURU® for $80. 

Sales offices in: Chicago, Dallas, New York, 

Los Angeles, Canada, Australia, Finland, France, 
Japan, Spain, United Kingdom, Italy, Germany, and 
Switzerland. 


800-344-5832 317-463-2581 
FAX 317-448-6428 

TELEX 5106017487 (MDBS LAF UQ) 


For more information attach your 
business card and mail to: 
mdbs, Inc. 

P.O. Box 248 
Lafayette, IN 47902 

Please send information on: 

□ GURU®. 

□ free information seminars. 

□ Training classes. 

□ I am enclosing $80 in payment 
for one GURU tutor (add approp. 
sales tax in CA, IL, IN, NY, TX 
and Ontario CANADA) 

□ Please charge my 

□ MasterCard □ VISA 

□ American Exp. 

Signature--- 

Card No---- 

Phone No- 

Expiration date:- 


GURU and MDBS III are registered trademarks of mdbs, Inc. Other trademarks are proprietary to their 
respective manufactures. 
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With most PC- 
host software, you 
may find yourself con¬ 
nected to more than 
you'd like. 

You could be 
locked into coax con¬ 
nections. Locked out 
of future IBM products. 
Or be chained to a 
memory-munching 
monster. 

But not with 
EXTRA! Connectivity 
Software™ 

EXTRA! connects 
any way you choose: 
coax, modem or LAN. 

It works with the latest 
gateways and LAN 
hardware, including 
IBM's new Token Inter¬ 
face Coupler (TIC). Its 
incredibly long list of 
features remains the 
same no matter how 
you connect. And it 
saves memory, too. 

To learn more, 
connect with us toll- 
free: 1-800-426-6283. 

Then throw off 
your chains once and 
for all. 


Attachmate 


EXTRA! is a trademark of Attachmate Corporation. 
1 -206-446-4010. IBM is a registered trademark of 
International Business Machines Corporation. 

Before Linking PCsTo A 
Mainfran^Think WhatMxi Could 
Be Getting Vburself Into. 
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screen while writing code using a spe¬ 
cial hyper key. optasm 1.5 also offers 
full support for Microsoft’s CodeView 
debugger, full source debugging capa¬ 
bility, and complete access to PUBLIC 
and LOCAL symbols. $125; upgrade, 
$29.95; demo disk, $10. 

SLR Systems , 1622 N. Main Street; 

Butler, PA 16001; 800/833-3061; 
412/282-0864 

CIRCLE 329 ON READER SERVICE CARD 

A computer-aided systems engineering 
(CASE) software development kit has 
been launched by Computer Systems 
Advisers Inc. The POSE (Picture- 
Oriented Software Engineering) kit 
comprises nine PC-based modules that 
address the planning, design, and anal¬ 
ysis phases of application software de¬ 
velopment, using either data-driven or 
process-driven approaches. Each of the 
modules has a Macintosh-like user in¬ 
terface and facilities for data validation, 
integration, and normalization. 

The Data Model Toolkit includes 
the Data Model Diagrammer, Data 
Model Normalizer, Logical Database 
Designer, and DataBase Aid; the Pro¬ 
cess Model Toolkit includes the De¬ 
composition Diagrammer, Data Flow 
Diagrammer, Structure Chart Diagram¬ 
mer, and Action Chart Diagrammer. 

The Screen and Report Prototyper is 
also available. Each module, $295; Data 
Model Toolkit (four modules) and Pro¬ 
cess Model Toolkit (four modules), 
$885; set of all nine modules (includes 
Screen and Report Prototyper), $1,770. 
Computer Systems Advisers Inc., 50 Tice 
Blvd., Wooclcliff Lake, NJ 07675; 
800/537-4262; 201/391-6500 

CIRCLE 321 ON READER SERVICE CARD 

An enhanced realtime version of Unix 
for 80386-based microcomputers is 
being marketed jointly by VenturCom 
Inc. and interactive Systems Corpo¬ 
ration. Version 3.1 of Venix/386 Sys¬ 
tem V integrates interactive Systems’ 


386/ix development environment and 
user interface with the realtime en¬ 
hancements available in VenturCom’s 
RTX/386 add-on module. The product’s 
realtime capabilities include asynchro¬ 
nous I/O, preemptive priority schedul¬ 
ing, direct hardware access, virtual- 
memory allocation and in-core locking, 
and high-resolution alarms. Base sys¬ 
tem: two-user, $695; eight-user, $1,145. 
Including software development tools: 
two-user, $1,295; eight-user, $1,795. 
VenturCom Inc., 215 First Street, 
Cambridge, MA 02142; 617/661-1230 

CIRCLE 322 ON READER SERVICE CARD 

interactive Systems Corporation, 2401 
Colorado Avenue, Santa Monica, CA 
90404; 213/453-8649 

CIRCLE 323 ON READER SERVICE CARD 

Aii OS/2 version of Teamwork, a com¬ 
puter-aided systems engineering (CASE) 
product from Cadre Technologies 
Inc., has been announced. Teamwork 
features include an intuitive graphics 
user interface; an open architecture 



Cadre’s Teamwork family of products naming on a PS/2 


and fully integrated environment; a 
central project database; an easy-to-use, 
context-sensitive graphics editing sys¬ 
tem; automatic project-information sta¬ 
tus tracking; version control of model 
generations; and implementation of 
structured methods, with consistenq^ 
checking and understandable error re¬ 
ports. Single-user OS/2 version (bun¬ 
dled with Teamwork software analysis 


and design tools), $4,995; multiuser 
workstation-based version (to be avail¬ 
able in early 1989), $7,500 to $15,900 
for single-unit purchases. 

Cadre Technologies Inc., 222 Richmond 
Street, Providence, RI 02903; 
401/351-CASE 

CIRCLE 330 ON READER SERVICE CARD 

Enhanced versions of Turbo Pascal 
and Turbo C from Borland Interna¬ 
tional Inc. offer built-in integrated 
and source-level debugging, new lan¬ 
guage extensions, and faster compile 
times. Version 5.0 of Turbo Pascal 
provides dynamic overlay support, sup¬ 
port for the Lotus/Intel/Microsoft ex¬ 
panded memory specification (EMS) 
for programs of any size, and 8087 
floating-point emulations. Version 2.0 
of Turbo C features an optimizing C 
compiler, a MAKE facility with auto¬ 
matic dependency checking, and sup¬ 
port for all six memory models. 

$149.95 each. 

Borland also announced the 
Turbo Assembler and Turbo Debug¬ 
ger. The Turbo Assembler runs as 
much as three times faster than MASM, 
supports Turbo C in-line assembly and 
MASM, and is compatible with all 8Qv86 
instruction sets. The stand-alone Turbo 
Debugger offers source and data-level 
debugging, overlapping windows, ses¬ 
sion logging, and support for a dual¬ 
monitor and EMS. $149-95. 

The Turbo Pascal Professional 
and Turbo C Professional packages 
bundle the Turbo Assembler and Turbo 
Debugger with Turbo Pascal 5.0 and 
Turbo C 2.0, respectively. $250 each. 
Borland International Inc., 4585 Scotts 
Valley Drive, Scotts Valley, CA 95066; 
408/438-8400 

CIRCLE 331 ON READER SERVICE CARD L™'" 


The material that appears in Tech Releases 
is based on vendor-supplied information. 
These products have not been reviewed by 
the PC Tech Journal editorial staff. 
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COVER SUITE: 
EXPLOITING 
THE VGA 


The VGA 

Compatibility Test 

The proliferation of VGA adapters is as overwhelming as the 
number of colors on the VGA palette. Our new compatibility test 
suite helps you choose one that best meets your needs. 


T he recent deluge of Video Graph¬ 
ics Array ( VGA) adapters for PCs 
and compatibles is both a techni¬ 
color dream come true and a night¬ 
mare for users and systems integrators. 
The good news is you can benefit from 
the improved graphics performance of 
the VGA without having to buy an IBM 
PS/2 Model 50 or above—and you can 
negotiate on price and features. 

The bad news is that the sheer 
number of adapters on the market— 
there are dozens, including ones from 
IBM, Compaq, Video Seven, and Para¬ 
dise Systems—leaves room for error. 
Compatibility with the IBM standard is 
very important and difficult to judge. 

To address this problem, PC Tech 
Journal has developed a VGA evalua¬ 
tion suite. Using the tests in the suite, 
PC Tech Journal in this article reviews 
IBM’s PS/2 Display Adapter (for the PC, 
AT, and PS/2 Model 30) and Compaq’s 
Video Graphics Controller (VGC). 

These two add-in adapters are re¬ 
viewed initially because they are the 
first two major VGA-compatible boards 
to hit the streets. Other adapters will 
be reviewed in future issues. The com¬ 


ED MCNIERNEY and KENT QUIRK 


patibility tests are available on PCTECH- 
line (301/740-8383) so that readers can 
download and run them. 

IBM’s VGA is an improvement over 
the performance and functionality of 
the Enhanced Graphics Adapter (EGA). 
It is incorporated into the system 
boards of all PS/2 machines except the 
Models 25 and 30 (see “VGA: Evolu¬ 
tionary Half-Step,” John T. Cockerham, 
August 1987, p. 74). It can display on 
screen up to 256 colors at a time from 
a palette of more than 256,000 using 
320-by-200-pixel double-scanned mode 
or 16 colors from the same palette in 
640-by-480 mode. 

According to responses to a recent 
informal reader poll (see “Professional 
Viewpoint,” Jordene Zeimetz, July 1988, 
p. 160), most PC Tech Journal readers 
already are enamored of VGA and are 
no doubt anxious to have this capabil¬ 
ity on their machines. When asked to 
grade IBM’s PS/2 family of computers 
and its major components, most read¬ 
ers gave a thumbs-up to the VGA and 
3.5-inch diskettes, while the Micro 
Channel architecture and the PS/2 fam¬ 
ily in general received a thumbs-down. 


In your rush to acquire the VGA, 
however, it would be wise to resist the 
temptation to run out and buy the first 
or least-expensive board you can get. 
That board might not provide a high 
enough degree of compatibility with 
IBM’s VGA, which is the standard most 
developers will use for writing their 
software. From a practical and eco¬ 
nomic viewpoint, these developers are 
more likely to test their software on 
IBM’s system-board VGA than on the 
many third-party adapters. If an applica¬ 
tion does not run on a third-party 
adapter, fingers will point at the user 
and the board rather than the devel¬ 
oper and the software. 

Prices for third-party add-in adapt¬ 
ers range from $350 to $600. Although 
all claim to provide compatibility with 
the IBM standard, some offer more 
compatibility and greater enhancements 
than others (which accounts for much 
of the price difference). Enhancements 
can include higher resolution and per¬ 
formance. Cost and enhancements are 
a consideration when deciding on any 
adapter, but for most people compati¬ 
bility is the most crucial factor. 
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VGA COMPATIBILITY 


TABLE 1: BIOS Video Modes 



The VGA provides video modes supported on previous IBM adapters plus modes 
with 640-by-480 pixels in 2 and 16 colors, and 320-by-200 pixels in 256 colors. 


This becomes more apparent as 
new software manipulates every feature 
and twist of VGA design and as VGA- 
compatible hardware manufacturers fail 
to reproduce the IBM VGA’s functional¬ 
ity. There is no guarantee that they ac¬ 
curately emulate a set of hardware as 
complex as the VGA to the level re¬ 
quired by the users of graphics applica¬ 
tions. Even a small variation in the 
board’s operation can be devastating if 
the feature that varies is essential to 
your application’s operation. 

How can you be sure the adapter 
you buy will pass muster? PC Tech 
Journal's VGA evaluation suite uses a 
battery of compatibility tests to exercise 
documented features of the VGA. The 
goal is to discover variations or incon¬ 
sistencies in individual VGA-compatible 
adapters and to provide real answers to 
users and systems integrators about 
how valuable, reliable, and compatible 
a given display adapter will be with 
application software. Undocumented 
features are not put through the grist 
mill because most software developers 
avoid using them. 

COMPATIBILITY MEANS. . . 

VGA compatibility seems to mean what¬ 
ever the manufacturer of a VGA- 
compatible display adapter wants it to 
mean—each product’s advertisements 
stress the value of its own type of com¬ 
patibility, from a simple BIOS video¬ 
mode setting to support of the same 
applications as IBM but with a custom¬ 
ized set of drivers to offset deficiencies 


or variations in the hardware. The two 
basic types of compatibility are at the 
BIOS level and the register level. 

BIOS compatibility is the less strin¬ 
gent and less useful type. A BIOS- 
compatible display adapter adheres to 
the software programming interface 
provided by the IBM video BIOS speci¬ 
fication. IBM originally provided this 
interface in the PC as a standard-access 
mechanism for a variety of different 
video-display hardware—at first, only 
for the Monochrome Display Adapter 
(MDA) and the Color Graphics Adapter 
(CGA). IBM has updated and expanded 
the interface to support video features 
available in subsequent machines. 

Although the interface has been 
greatly enhanced and expanded with 
each new graphics adapter introduced 
by IBM, it is not powerful enough for 
high-performance text and graphics 
applications because it does not pro¬ 
vide all available hardware functions. 
Those it does provide are much slower 
than the functions provided when the 
application accesses the hardware di¬ 
rectly. These applications tend to use 
the BIOS function calls for inquiry op¬ 
erations and functions that are not per¬ 
formance critical. Almost every software 
product, however, bypasses the BIOS at 
one or more points to provide better 
display speed or functionality not sup¬ 
ported by the BIOS but available on 
the display hardware. 

For most users, BIOS compatibility 
is a necessary but insufficient level of 
performance in a VGA-compatible dis¬ 


play adapter. Because it is easier to 
obtain than register compatibility, it has 
been featured in many early VGA- 
compatible products. As the market be¬ 
comes increasingly sophisticated, such 
a level of compatibility will just not be 
enough for most users. 

Register compatibility involves 
complete hardware emulation of the 
VGA’s functionality. Most VGA functions 
and features are controlled by reading 
or writing to one or more of a large 
number of control registers on the dis¬ 
play adapter. For compatibility, how¬ 
ever, this term refers to complete hard¬ 
ware emulation of all I/O, memory, and 
interrupt features on the adapter—not 
just to the adapter’s register set. 

This kind of compatibility is like a 
Turing test for display adapters: a dis¬ 
play adapter is considered register 
compatible with a PS/2 system-board 
VGA if an application program cannot 
distinguish between it and the real 
VGA. Such an application program is 
not restricted to BIOS function calls 
but is allowed to program the hard¬ 
ware in any manner it wishes in order 
to discover a difference in behavior 
between the two adapters. 

The PC Tech Jouinal evaluation 
suite tests hardware and BIOS compati¬ 
bility features as documented by IBM 
in order to provide the answer to the 
question: If I purchase or recommend 
this VGA-compatible display adapter, 
can I be confident that it will run the 
applications software I buy for it? 

A ROBUST TEST 

The tests in the evaluation suite mea¬ 
sure BIOS function compatibility, BIOS 
data-area compatibility, alphanumeric 
support, register operation, and split¬ 
screen and scrolling operations. They 
test all meaningful combinations of reg¬ 
ister contents. The suite is designed to 
be a robust and vigorous test of a 
VGA’s operation. It will tell developers 
and integrators if VGA-specific software 
can be expected to run properly on a 
given display adapter. 

Speed benchmarks are not in¬ 
cluded in this evaluation suite. Perfor¬ 
mance of a particular adapter/computer 
combination can be tested using PC 
Tech Journal's systems benchmarks 
presented in “High-level Measure¬ 
ments,” Kent Quirk, September 1988, 
p. 54. The ultimate way to get accurate 
performance information is to test run 
applications on the display adapter 
combined with the system of interest. 

The VGA evaluation suite requires 
minimal user interaction. Although 
some features are impossible to judge 
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without querying the user, every rea¬ 
sonable attempt has been made to de¬ 
termine the results of a test without 
requiring user input. For example, the 
BIOS mode test checks whether the 
adapter supports all the video modes 
required. This test attempts to set each 
mode through the BIOS, inquire from 
the BIOS about the characteristics of 
that mode, and then check the current 
video mode to determine whether it is 
the one just set. 

Because one feature of the VGA is 
its powerful palette and color control, 
some of the tests require fairly subtle 
color discrimination. Anyone who can¬ 
not discern subtle color differences ei¬ 
ther can get a colleague to help out or 
should run the tests on a system that is 
equipped with a monochrome monitor. 
The tests that affect palette output will 
determine if a color or monochrome 
monitor is installed. If they detect the 
latter, the tests will scale down auto¬ 
matically to examine only the 64 levels 
of gray scale supported on a mono¬ 
chrome display. 

THE BIOS PREREQUISITE 

The suite tests all 23 major BIOS func¬ 
tions and the 15 video modes and 47 
subfunctions that they include. Al¬ 
though the successful completion of 
these BlOS-evaluation tests should not 
be considered adequate for evaluating 
VGA performance, it is a prerequisite 
to full VGA compatibility. 

In addition to standard BIOS func¬ 
tionality, the suite tests the state of all 
the VGA’s readable registers after each 
function call and compares them with 
that of the register set of the IBM VGA. 
Some applications use BIOS calls to 
perform initialization operations such 
as mode setting and then directly to 
modify registers not set appropriately 
for the application’s needs by the BIOS. 
Therefore, it is essential that the BIOS 
function calls of a compatible VGA not 
only perform the same overall opera¬ 
tion but do so by programming the 
VGA register set in exactly the same 
manner as the IBM VGA. Each of the 
BIOS tests is described below. 

Mode support. The VGA BIOS supports 
video modes 0 through 7 and ODH 
through 13H (see table 1). The mode- 
support test uses BIOS function 0 (se¬ 
lect video mode) to set each of the 15 
video modes in turn. Then each mode 
is tested by using BIOS function OFH 
(get video status) to check the number 
of text columns expected in that mode 
and to see that the mode selected is in 
fact the one reported by the BIOS. Text 
is displayed in each mode using BIOS 


function 13H (display character string) 
to help confirm the correct operation 
of each mode. 

Cursor operation. The video BIOS pro¬ 
vides several functions for cursor oper¬ 
ation—both moving the text cursor 
and specifying its size. The test for this 
operation positions the cursor in vari¬ 
ous screen locations using BIOS func¬ 
tion 2 (set cursor location) and selects 
various cursor sizes using BIOS func¬ 
tion 1 (set cursor size). The results of 
these tests are confirmed by using 
BIOS function 3 (get cursor state) to 
check that the reported state is the 
same as that which was set. In addition, 
the user is asked to confirm that 
cursor-hiding attempts successfully 
remove the cursor from the screen. 

Lack of light-pen support. Unlike the 
EGA, the VGA interface does not have 
light-pen support. BIOS function 4 (re- 

For most users, BIOS com¬ 
patibility is a necessary but 
insufficient level of perfor¬ 
mance in a VGA-compatible 
display adapter. 


turn light-pen position) is used to 
check that the VGA correctly reports 
that no light pen is installed. This 
check is necessary to assure the correct 
operation of applications that use a 
light pen if present. 

Multiple-page support. The BIOS can 
write text and graphics to multiple 
video memory pages when the adapter 
has sufficient memory for multiple-page 
support. To test this capability, BIOS 
function 5 (select active video page) 
displays each of many pages in several 
different video modes; BIOS function 
13H (display character string) places 
text on each of the nondisplayed video 
pages before those pages are brought 
to the screen. 

Screen scrolling. BIOS functions 6 
(scroll up) and 7 (scroll down) allow 
rectangular regions of text to be moved 
on the display and to be erased com¬ 
pletely. The screen-scrolling test uses 
BIOS function 13H (display character 
string) and function 8 (read character/ 
attribute) to put text on the screen and 
read it back after it has been scrolled. 
Text I/O. This test covers BIOS func¬ 
tions 8 (read character/attribute), 9 
(write character/attribute), OAH (write 


character at cursor), OEH (write TTY), 
and 13H (display character string) to 
examine all BIOS text I/O. The text I/O 
test is performed in several video 
modes using function 0 (select video 
mode) to choose among modes. 

Overscan control. The display adapter’s 
overscan color for 16-color, 4-color, 
and 2-color text and graphics modes 
can be selected through the overscan- 
control function (OBH). This function 
also selects between the two 4-color 
palettes available in 4-color graphics 
modes. This feature is exercised in the 
palette-loading test. 

Graphics I/O. To check graphics I/O for 
all graphics modes supported by the 
VGA, one of the compatibility tests in 
the evaluation suite evaluates BIOS 
functions OCH (write pixel) and ODH 
(read pixel). Every pixel on the screen 
is drawn and every possible pixel value 
available in the current video mode is 
used; then each pixel is read back to 
ensure that the correct value was writ¬ 
ten. For all but the 256-color graphics 
mode, pixels written can either replace 
the display-buffer data or be exclusive- 
or merged with it. The suite tests both 
modes of writing to the screen. 

Mode inquiry. The mode-inquiry func¬ 
tion OFH (get video status) provides the 
current video mode, active video page, 
and number of text columns on the 
display. The test for this function vali¬ 
dates the values returned by the func¬ 
tion, including that of the active video 
page when multiple pages of display 
memory are in use. 

Palette-register control. BIOS function 
10H, set palette registers, contains 16 
subfunctions to support a wide variety 
of palette-register control operations. 
Individual palette registers, digital-to- 
analog converter (DAC) registers, 
video-DAC-mask registers, and the dis¬ 
play’s overscan color can be pro¬ 
grammed or read either individually or 
in blocks. All 16 subfunctions are tested 
and their performance is verified by 
this block of tests. 

Character-generator support. BIOS func¬ 
tion 11H, character-generator support, 
also incorporates a large set of sub¬ 
functions—22 of them. These opera¬ 
tions all control the VGA’s ROM and 
RAM-loadable character sets. Any of the 
three character sets stored in the VGA’s 
ROM (8-by-8, 8-by-l4, and 8-by-l6 pix¬ 
els) can be selected as the active char¬ 
acter font for the display, or a user- 
defined character set can be loaded 
from system memory. 

In addition to font selection, func¬ 
tion HH’s subfunctions have a set of 
inquiry operations that provide infor- 
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mation about the VGA ROM character- 
set addresses and auxiliary-interrupt 
vectors used. The evaluation suite tests 
all ROM character sets for proper se¬ 
lection, sizing, and display. 

Video configuration. BIOS function 12H, 
alternate select, supports nine subfunc¬ 
tions that return various bits of infor¬ 
mation about the current video-system 
configuration. A number of the video 
system’s operations parameters can be 
selected through this function, includ¬ 
ing display switching, video-refresh 
control, CPU access to display memory, 
and gray-scale summing (used for map¬ 
ping color to monochrome screens). 
The video-configuration test exercises 
BIOS functions 1AH and 1BH. Function 
1AH provides inquiry and selection be¬ 
tween a primary and a secondary video 
display; function 1BH fills out a 64-byte 
buffer with a complete set of function¬ 
ality and configuration information 
about display adapter hardware and 
current mode settings. 

All video-configuration information 
subfunctions except 35H are tested. 

This subfunction allows for switching 
between a PS/2 display adapter such as 
the IBM 8514/A and the PS/2 system- 
board VGA. Because VGA-compatible 
display boards are not designed to run 
on the PS/2, this function is not ex¬ 
pected to perform any useful function 
on VGA-compatible boards. 

Video-state save/restore. This BIOS func¬ 
tion (1CH), added to help support 
multitasking operating systems, allows 
the complete control and hardware 
state of the VGA to be either read or 
programmed in a single operation. By 
combining this function with a read 
and restore of video-display memory, a 
complete screen state switch can be 
accomplished. The video-state save/ 
restore test creates several different 
video-display and drawing states and 
switches among them, saving and re¬ 
storing each one in turn. 

TESTING DATA AREAS 

The video BIOS is more than an inter¬ 
face to program the VGA’s register 
hardware. It also maintains a complete 
set of data areas that contain important 
video-state and functionality informa¬ 
tion. Because these data areas are sup¬ 
ported and documented, many applica¬ 
tions use them to read video informa¬ 
tion directly rather than going through 
the BIOS. The following tests check 
that a display adapter properly main¬ 
tains the information in this data area. 
Standard data area. This block of infor¬ 
mation is stored at a fixed location in 
the video system’s low memory. In seg- 


TABLE 2: VGA Registers 



REGISTER TYPE 

DESCRIPTION 

GENERAL REGISTERS 

Miscellaneous output 

Controls I/O address selection (to emulate either 

CGA or MDA), memory access control, pixel clock 
selection (for either 640 or 720 horizontal pixels), 
video synchronization control, memory addressing, 
and synchronization-signal polarity 

Feature control 

Supported for EGA compatibility; the values of its 
two low-order bits are driven to two output pins on 
the EGA’s feature connector; also allows selection of 
an alternate vertical synchronization signal 

Input status zero 

Contains flag bits that allow identification of which 
VGA-compatible monitor is attached to the adapter, 
and whether a vertical retrace interrupt is enabled 

Input status one 

Holds a flag bit testing for the presence of any 
retrace period and another bit indicates whether or 
not a vertical retrace is in progress. A two-bit 
diagnostic field allows for testing all video output 
signals when used in conjunction with the color 
plane enable register 

DAC INTERFACE REGISTERS 

DAC pixel mask Selectively masks display buffer data before they are 

used as a DAC index value 

DAC write data address Selects address at which DAC data are written 

DAC read data address 
DAC status 

DAC data 

Selects address from which DAC data are read 

Shows whether last DAC operation was read or write 
Register to which DAC data are written or from 
which they are read 

SEQUENCER REGISTERS 

Sequencer address 

Sequencer reset 

Selects which of the sequencer registers can be 
written to or read from the sequencer data register 

Controls one of two levels of sequencer-reset 
operations 

Clocking mode 

Map mask 

Controls character-cell width, size of memory 
accesses, dot-clock division, and video refresh 
memory accesses 

Enables or inhibits CPU access to each of the VGA’s 
four 64KB memory maps 

Character map select 

Memory mode 

Selects which two of a maximum of eight loaded 
character sets are currently used in alpha modes 

Reports amount of installed RAM, mapping of 
memory addresses to the four memoiy maps, and 
operation of sequential addressing of video memory 
REGISTERS 

Selects which of the CRTC registers can be read 
from or written to at the CRTC data register 

Sets total number of pixels on each scan line 

Sets address of last displayed pixel on each scan line 

Sets beginning of horizontal blank period 

Sets end of horizontal blank period 

Sets point at which electron scan beam starts moving 
back from the end of the scan line 

CRT CONTROLLER (CRTC) 

CRTC address 

Florizontal total 
Horizontal display end 
Start horizontal blank 
End horizontal blank 
Start horizontal retrace 

End horizontal retrace 

Vertical total 

Overflow 

Sets point at which electron scan beam begins 
moving forward at the start of a new scan line 

Sets total number of scan lines per video frame 

Holds high-order bits of some CRTC registers 

Preset row scan 
Maximum scan line 

Controls fine vertical image scrolling 

Sets the number of scan lines per character cell on 
the display and controls scan doubling to allow 400- 
line display of CGA 200-line video modes 

Cursor start 

Cursor end 

Sets the scan line on which the cursor starts within 
the character cell 

Sets the scan line on which the cursor ends within 
the character cell 
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REGISTER TYPE 

DESCRIPTION 

CRTC REGISTERS (Cont.) 
Start address high 

Start address low 

High-order eight bits of the display buffer offset from 
which video data are displayed 

Low-order eight bits of the display buffer offset from 
which video data are displayed 

Cursor location high 

Cursor location low 

High-order eight bits of the character offset on which 
the cursor lies 

Low-order eight bits of the character offset on which 
the cursor lies 

Vertical retrace start 

Vertical retrace end 

Sets the scan-line address at which the scan beam 
begins to return to the top of the display 

Sets the scan-line address at which the scan beam 
begins moving down the display; controls vertical 
retrace interrupts, video memory refresh, and CRTC 
register write protection 

Vertical display end 
Offset 

Underline location 

Sets address of last displayable line on the display 

Sets the logical width of the display in character cells 
Sets scan line in each character cell on which the 
underline is positioned 

Start vertical blank 

End vertical blank 

Sets the scan line at which display blanking begins 

Sets the scan line at which display blanking ends and 
active video data begin 

CRTC mode control 

Line compare 

Flag bits controlling 6845 emulation, output control, 
horizontal retrace resolution, retrace enable, and 
character fetch address update 

Sets scan line at which the scan-line counter is reset 
to protect a part of the display from vertical scrolling 

GRAPHICS CONTROLLER REGISTERS 

Graphics controller Selects which graphics controller register is read 

address from or written to at graphics controller data register 

Set/reset Defines data written to each bit plane when set/reset 

is enabled or write mode 3 is used 

Enable set/reset 

Color compare 

Data rotate 

Selects set/reset mode for each bit plane 
independently in write mode 0 

Defines color compare value used in read mode 1 

Sets number of bits by which display data are right- 
rotated before being written in write modes 0 and 3 

Read map select 

Mode 

Selects among four memory maps for CPU reads 
from display memory 

Selects among four write modes, two read modes, 
and two video shift register load modes 

Miscellaneous 

Color don’t care 

Bit mask 

Holds flags for graphics or alpha mode, memory- 
map-access modes, and VGA memory-address mapping 
Selects bit planes in read mode 1 color comparisons 
Selectively controls which pixels are modified during 
a byte-wide write 

ATTRIBUTE CONTROLLER REGISTERS 

Attribute controller Selects which attribute controller register is read 

address from or written to at attribute controller data register 

Palettes (0-15) Provides EGA-style selection of 16 physical colors 

from the current palette 

Mode control 

Provides attribute selection, eight- or nine-pixel 
character display, blink/intensity selection, panning 
control, palette selection, and data-output clock rate 

Overscan color 

Color plane enable 

Selects color value used for display’s overscan 
Selectively allows or clears output from each of the 
four color maps 

Horizontal pel panning 

Color select 

Allows the display image to be shifted left by a 
maximum of eight pixels 

Selects high-order pixel value bits for all video 
modes with fewer than eight bits per pixel 


The VGA is controlled using its general registers and DAC interface registers, 
along with registers in the sequencer, CRT, graphics, and attribute controllers. 


ment 40H, offsets 49H through OABH 
hold a set of system parameters and 
pointers to additional data areas. The 
test of the standard data area exercises 
several VGA BIOS functions and checks 
that the data area is updated properly 
after each test is completed. 
Primary-state save area. This auxiliary 
data buffer is used by both the EGA 
and the VGA. A double-word pointer in 
the standard data area points to it, and 
it contains a table of address pointers 
to parameter- and character-set defini¬ 
tion tables. The test of the primary-state 
save area checks the contents of this 
buffer across several BIOS operations. 
Secondary-state save area. Unique to 
the VGA, this area is pointed to by a 
double-word pointer in the primary- 
state save area. This buffer holds point¬ 
ers to additional information new in 
the VGA, including user-palette tables 
and display combination tables. 
Video-parameter table. This table holds 
the hardware CRT controller (CRTC) 
and other register values used in pro¬ 
gramming each of the video modes 
supported on the VGA. The video¬ 
parameter table test examines each of 
the parameter tables to ensure that the 
video modes supported by a VGA- 
compatible adapter are exactly the 
same as those supported by the IBM 
VGA Because video monitors are 
highly dependent on the synchroniza¬ 
tion signals sent by the CRTC, any vari¬ 
ation in those signals could cause a 
monitor designed for the IBM VGA to 
fail to work properly. 

Parameter-save buffer. Another auxiliary 
BIOS data table, this buffer holds the 
current set of register values pro¬ 
grammed into the VGA’s graphics- 
controller palette and overscan regis¬ 
ters. The parameter-save buffer test 
uses the BIOS functions to change 
those registers and then examines this 
table for proper updates. 

Alternate-text character set. The VGA 
BIOS supports an alternate-text char¬ 
acter-set definition area, which allows 
the definition of alternate character sets 
on a mode-by-mode basis. When a text 
video mode is selected that has an al¬ 
ternate character set defined for it, this 
table is used to load that character set 
automatically. The test for this opera¬ 
tion selects an alternate character set 
for one text video mode and ensures 
the set is installed properly whenever 
that mode is selected. It also checks 
that the alternate character set is not 
used for other text modes. 
Alternate-graphics character set. This 
area is a buffer that functions just as 
the text-character definition table; its 
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Software Developers 



Natural selection provides unique 
passive protection for the porcupine. 


The Block — Natural Selection 
For Software Protection 


Inventor and entrepreneur 
Dick Erett explains how 
"The Activator" provides 
sane protection for your in¬ 
tellectual property. 

«T n any industry, just as in nature, the 
X process of natural selection raises one 
solution above another. Natural selection is 
the most elegant of engineers. 

In the area of software protection The 
Block has been selected by the market¬ 
place as the solution that works. Over 
500,000 packages are protected by our 
device. 


By removing protection from the 
magnetic media we remove the constraints 
that have plagued legitimate users. 

They simply attach our key to the 
parallel port and forget it. It is totally 
transparent, but the software will not run 
without it. 

A New Technology For 
Software Protection 

Our newest model, The Activator, builds 
on our current patented design, and 
establishes an unprecedented class of 
software protection. 



For the past 4 years our philosophy has 
been; ‘ You have the right and obligation to 
protect your intellectual property .’ 

A New Ethic For Software 
Protection 

In allowing end-users unlimited copies 
of a software package and uninhibited hard 
disk and LAN operation. The Block has 
created a new ethic for software protec¬ 
tion. 



We have migrated and enhanced the 
circuitry of The Block to an ASIC (Appli¬ 
cation-Specific Integrated Circuit) 
imbedded in The Activator. 

This greatly improves speed and 
performance, while reducing overall size. 
Data protection can also be provided. 

Programmable Option 

The Activator allows the software 
developer the option to program serial 
numbers, versions, or other pertinent data 
known only to the developer, into the 
circuit, and access it from the program. 

Once you program your part of the 
chip, even we have no way to access 
your information. 

The ASIC makes emulation of the device 


virtually impossible. It also presents 
an astronomical number of access 
combinations. 

Full 100% Disclosure 


Since The Activator is protected by our 
patent we full y disclose how it works. 
Once you understand it, endless methods 
of protection become evident. 



Just as no two 
snowflakes are the 
same, no two im¬ 
plementations of 
The Activator are 
identical. And like 
the snowflake the 
simplicity of The 
Activator is its 
greatest beauty. 


We never cramp your programming style 
or ingenuity. Make it as simple or compli¬ 
cated as you desire. 


Let us help safeguard what's rightfully 
yours. Please call today for additional 
information or a demo unit. It's only 
natural to protect your software 


1 - 800 - 333-0407 
In Connecticut 203-329-8870 
Fax 203-329-7428 

oftware 
ecurity inc. 



870 High Ridge Road 
Stamford, CT 06905 


Unlimited Copies • Programmable • Small Size • Fast • Patented • Data Protection 


The Block and The Activator are trademarks of Software Security CIRCLE NO. 189 ON READER SERVICE CARD 
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format, however, is slightly different. 

It is used for graphics rather than text 
modes. The format of the routines is 
the same as for the previous test. 
Display-adapter combination table. The 
VGA provides explicit BIOS support for 
more than one video adapter in the 
system by using a display-adapter com¬ 
bination table. The table describes the 
list of legal display-adapter combina¬ 
tions available in the BIOS. The test of 
the display-adapter combination table 
checks this list for compatibility with 
the PS/2 VGA BIOS list. Because multi¬ 
ple display-adapter support is tied 
closely to a system-board graphics sys¬ 
tem, compatible VGA boards are not 
likely to support this table completely. 
User-palette table. This data area pro¬ 
vides a complete set of user overrides 
for combinations of attribute-controller 
and video-DAC registers. When this 
table is filled out and a new BIOS 
video mode is selected, the alternate 
user definitions for these registers are 
used instead of the ROM BIOS defini¬ 
tions. The test for the user-palette table 
programs the standard register set to 
produce a display that should be un¬ 
readable (black text on a black back¬ 
ground). Then the user-palette table is 
loaded with an alternate video-parame¬ 
ter set and the mode is programmed 
again; the same text display then 
should become visible as white text 
on a blue background. 

CRTC register table. The INT 1DH table, 
pointed to by interrupt vector 1DH, 
contains register values for program¬ 
ming the Motorola 6845 CRTC used on 
the MDA and the CGA. Although the 
VGA does not use a 6845 and ignores 
the values in this table at all times, the 
table is maintained for compatibility 
purposes. The test of the CRTC register 
table checks that die table used by a 
VGA-compatible adapter is the same as 
the table on the PS/2. 

DETECTING CROSS PURPOSES 

Although the BIOS-level tests cover all 
areas of text and alphanumeric support 
at a low level, the evaluation suite also 
includes a set of alphanumeric support 
tests that exercise diose functions in 
combinations that most applications are 
likely to use. The intent of these tests 
is to check for any inconsistencies or 
incompatibilities among functions that 
work properly in isolation but conflict 
with each other during more sophisti¬ 
cated operations. 

One test determines alternate-font 
support. The selection of alternate VGA 
fonts should be usable at the applica¬ 
tion level as well as at the level of DOS 


INT 21H text-output routines. This test 
exercises alternate ROM font selection 
through a variety of operations to de¬ 
termine how fully supported that alter¬ 
nate selection is. 

The suite then tests cursor opera¬ 
tion and emulation. The VGA BIOS cur¬ 
sor routines operate in one of two 
modes—standard or emulation. Be¬ 
cause the size of the cursor is set 
through the BIOS by explicitly specify¬ 
ing its starting and ending scan lines, 
the position and size of the cursor de¬ 
pend on how many scan lines each 
row of text occupies on the display. 

For the 200-line CGA display, each row 

compatibility is 
the acid test because it 
means the hardware does 
not depend on an insulat¬ 
ing layer of OEM BIOS. 


of 25-column text comprises 8 scan 
lines; when the EGA introduced a 
higher-resolution 350-line display, the 
number of scan lines per row in¬ 
creased to 14 for the same BIOS text 
modes. If an application sets an under¬ 
line cursor on the CGA by setting the 
cursor to start on line 6 and end on 
line 7 (the scan-line numbering starts 
at 0), then on the EGA in the same 
mode the cursor would appear as a 
thin line in the middle of the character. 

To avoid this problem, the EGA 
and subsequently the VGA provide a 
cursor-emulation flag. If this flag is set, 
the BIOS assumes that the cursor size 
is being set based on an 8-line charac¬ 
ter cell; scan line 6, therefore, is not 
the seventh line of the cell but rather 
the scan line one up from die bottom. 
For a 14-line font, the BIOS translates a 
start-at-line-6 request for the cursor 
into a start-at-line-12 request. 

The cursor emulation is turned on 
and off by a flag in the BIOS data area ; 
The cursor-emulation tests check for 
proper positioning and sizing of the 
cursor for several character-cell heights 
with emulation enabled and disabled. 

In addition to the ROM-based 
character sets supplied by the VGA, the 
BIOS supports the loading of user- 
defined custom-character sets that then 
behave exactly as the original sets. The 
test creates user-defined character sets 
by taking the ROM-based sets, copying 


them to local RAM, flipping the defini¬ 
tion of each character so that the new 
character set is a mirror image of the 
original, and then informing the BIOS 
to start using that character set. 

THE ACID TEST 

Register compatibility is considered the 
acid test of VGA compatibility because 
it means the hardware provided on a 
given VGA does not depend on an in¬ 
sulating layer of OEM-developed BIOS 
or driver software to provide the func¬ 
tionality of IBM’s VGA. Application soft¬ 
ware can take advantage of features 
provided in the original IBM VGA reg¬ 
ister set (see table 2). Because most 
commercial software does just that, reg¬ 
ister compatibility is the only kind of 
compatibility of practical interest to 
most users; if a given board does not 
meet this test, it is almost sure to fail 
to run some important applications. 

The PC Tech Journal VGA evalua¬ 
tion suite covers register compatibility 
with the documented features of the 
IBM VGA system. It intentionally does 
not try to dig into the behavior of un¬ 
documented registers and reserved 
bits. Each of the following register tests 
exercises the behavior of one particular 
VGA register; because many of these 
registers control video output, tests for 
their proper behavior require visual 
confirmation of their effect. In general, 
however, these tests run in an auto¬ 
mated manner and report errors as 
they are detected. 

General registers. The VGA’s general 
registers are not associated specifically 
with one of the VGA’s major functional 
areas but instead control general I/O 
behavior of the VGA. The evaluation 
suite’s general-register tests cover the 
operation of these registers as seen by 
applications and system-level software. 

The general-register tests check for 
port-address selection (the VGA can 
appear at either monochrome or color 
adapter I/O addresses), synchroniza¬ 
tion-polarity status, and the values re¬ 
ported by the two input status registers. 
The feature-connector output bits in 
the feature-control register are not 
tested because these bits do nothing 
but drive the output state of two fea¬ 
ture-connector pins and would require 
a hardware device connected to those 
pins to confirm their correct operation. 
DAC-interface registers. Unlike earlier 
IBM video systems, the VGA uses a 
video DAC to display as many as 256 
colors simultaneously from a palette of 
262,144. The DAC-interface registers 
control the operation of the DAC and 
the selection of colors from it; this fine 
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Controlled by a Pro 


Only the MultiView 
gives you Portrait Views AND 
full VGA Compatibility 

■ Full page viewing plus true VGA hardware 
compatibility 

■ Multi-scan capability meets all PC graphics standards, 
including CGA, MDA, EGA and VGA 

■ Accepts TTL and analog input signals 

■ High resolution in landscape (1024 x 768) or portrait 
(800 x 1000) modes 

■ Paper white phosphor 15" screen 

■ Screen size adjusts automatically to portrait or 
landscape views 


New PPL GrafixPro, a high performance, register level 
compatible VGA controller board gives you: 

■ High resolution graphics with 512 K display memory 

■ Drivers included for Windows, GEM, Ventura, AutoCad, 
Lotus 1-2-3, and WordPerfect 5.0 

■ 132 columns x 44 rows or 100 x 66 rows text display 

■ Compatibility with IBM PC/AT systems and clones 

■ Support for MDA, CGA, EGA, and VGA monitors 

List price: Multiview Monitor $395 
GrafixPro board $595 

The new MultiView from PPL: For portrait/landscape 
combination, only Mount Rushmore comes close. 

For more information, call 609-924-1153, Extension 17. 
Or write to PPL, Dept. 4,19 Wall St., Princeton, NJ 08540. 
Call 609-924-1153 Fax 609-924-6465 







VGA COMPATIBILITY 



PHOTO 1: IBM VGA Board 



The IBM VGA board is a standard full-length PC board, but The two-thirds-length Compaq VGC board uses the Paradise 

with the smaller height of a Micro Channel board. It has VGA chip plus the same INMOS DAC as the IBM board, but 

the same chips that are used on the system-board VGA. it incorporates more surface-mount technology than IBM. 


control over color output from a huge 
palette is a large advance over earlier 
EGA color support, and it represents a 
new level in compatibility requirements 
for manufacturers of VGA-compatible 
products. 

The DAC interface is tested by set¬ 
ting and reading back each DAC trans¬ 
lation value. Although this test alone 
does not guarantee the correct opera¬ 
tion of the DAC interface, it is supple¬ 
mented by visual confirmation that the 
colors being programmed produce de¬ 
sired output. 

Sequencer registers. The VGA’s sequen¬ 
cer performs actual memory control 
and coordination. Because the system 
CPU must be given read/write access to 
the VGA’s display buffer at the same 
time the video-refresh circuitry is read¬ 
ing the display buffer to update the 
screen, the sequencer serializes and 
coordinates both operations. Errors in 
sequencer control-register support can 
cause incorrect CPU access to display 
memory and the corruption of video¬ 
display output. 

The sequencer registers are tested 
by loading several character sets into 
the VGA’s display memory and then 
using the sequencer to select among 
them while a block of text is displayed 
on the screen. The selection of the dis¬ 
play of eight or nine pixels per byte 
also is tested, using the mode-setting 
commands. The remaining sequencer 
registers, including the map-mask regis¬ 
ter and the odd/even-address and 
chain-four-function bits in the 
memory-mode register, are used with 
the graphics-controller registers to per¬ 
form display-memory reads and writes. 
They are tested in conjunction with the 
graphics-controller register tests. 


CRTC registers. The CRTC provides all 
video-timing signals to control the dis¬ 
play monitor connected to the VGA. 
Adjusting the CRTC registers supports 
new display resolutions and monitor 
configurations. Most applications soft¬ 
ware, however, does not need to use 
the synchronization-signal registers and 
is interested only in cursor-control and 
video-status reports. The set of synchro¬ 
nization-signal registers is by far the 
largest in the VGA, and it is difficult to 
test. Modifying these registers changes 
the VGA’s synchronization signals. 

These registers are not tested be¬ 
cause special hardware other than the 
display is required to determine the 
accuracy of the results. If the display 
output is corrupted, it could be a result 
of an incorrect register setting or a 
monitor that is not capable of support¬ 
ing the new video parameters. The 
BIOS mode-setting tests run through all 
legal combinations of video signals and 
should detect any significant failure of 
these registers. 

The cursor scan-line start and end 
registers are tested by setting and read¬ 
ing back the cursor values, and the 
CRTC registers supporting panning and 
scrolling are exercised with visual con¬ 
firmation of their operation. Finally, the 
VGA’s vertical-interrupt feature is con¬ 
trolled by the CRTC. This feature is 
tested even though IBM has not imple¬ 
mented the feature on its VGA adapter 
board due to possible conflicts with 
other expansion boards. 
Graphics-controller registers. The 
graphics-controller registers are usually 
of most interest to software developers 
because they provide the bulk of the 
drawing and memory-update support 
for the graphics system. This part of 


the evaluation suite is most thorough 
because of its crucial nature; any in¬ 
compatibilities in the graphics control¬ 
ler almost certainly will result in appli¬ 
cations software problems. Not only is 
the graphics controller’s operation 
most critical to applications software, 
but also, by its very nature, it is easiest 
to test rigorously through software. 

The evaluation suite s graphics- 
controller tests exercise every control 
bit in every register in this set, with the 
exception of the two-bit memory map 
flag, which determines the memory 
address of the display buffer. Because a 
given address assignment could conflict 
with other installed hardware, this test 
is omitted. In addition to testing the 
graphics-controller registers, this set of 
tests covers those sequencer registers 
that have functions related to drawing. 

The graphics controller governs 
the CPU’s access to writing and reading 
display memory. To confirm that every 
drawing operation performed by each 
combination of graphics-controller reg¬ 
isters produces the correct pixel values 
in the display buffer, a set of tests runs 
through all the VGA’s reading and writ¬ 
ing modes. Because the graphics con¬ 
troller’s drawing operation works inde¬ 
pendently of the BIOS video mode, 
these tests are run using mode 12H. 
Attribute-controller registers. The attri¬ 
bute controller at I/O address 3C0H 
operates differently from the other sub¬ 
system register sets. Instead of having a 
paired-address and data register, these 
two registers share the same I/O ad¬ 
dress. By reading the attribute-control¬ 
ler register at address 3BAH or 3DAH, 
the register at 3C0H is set to address 
mode. Alternate writes to this register 
toggle between addresses and data. 
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VGA COMPATIBILITY 


TABLE 3 1 VGA Board Features 



IBM 

VGA 

COMPAQ 

VGC 

Price 

$595 

$599 

BIOS data 

10/27/86 

02/17/88 

Video RAM (KB) 

256 

256 

Bus interface 

8-bit 

8/16-bit 

Board length 

Full 

Two-thirds 

Display connector 

15-pin 

15-pin 

Feature connector 

Standard 

Standard 

Diagnostics 

Standard 

Standard 

Warranty 

One year 

One year 

-t-~r- 


The IBM and Compaq boards offer the same features; however, when used in 
a 16-bit expansion slot, the Compaq VGC provides much greater throughput. 


TABLE 4: Compatibility Test Results 




IBM 


COMPAQ 


Color 

Monochrome 

Color 

Monochrome 

BIOS 

Mode support 

• 

• 

• 

O" 

Cursor operation 

• 

• 

• 

• 

Light-pen support 

• 

• 

• 

• 

Multiple pages 

• 

• 

• 

• 

Screen scrolling 

• 

O b 

• 

o b 

Text I/O 

• 

O c 

O d 

o c 

Graphics I/O 

• 

• 

• 

• 

Palette/DAC 

• 

• 

• 

• 

Save/restore video state 

• 

• 

• 

• 

Character generator 

• 

• 

• 

• 

HARDWARE 

General registers 

O* 

of 

o e 

• 

DAC registers 

• 

• 

• 

&$■ 

Sequencer registers 

• 

• 

• 

• 

CRT controller registers 

• 

• 

• 

• 

Graphics registers 

• 

• 

• 

• 

Attribute registers 

• 

• 

• 

• 

• = Yes O = No 

a Background not black in many modes; 
iticonsistent bebainor. 

b Error in character!attribute for some modes. 

d Incorrect colois in Mode 11. 
e Reserved bits in ISRO are for most modes. 

J Reserved bits in ISRO are for Mode 0. 

c Mode D failed: Mode F succeeded when 
it should hare failed. 

8 DAC table has en ots. 



Neither board is completely compatible with the PS/2 system-board VGA. Also, 
the Compaq board’s DAC table is slightly different in some monochrome modes. 


The attribute controller regulates 
the programming of the VGA’s palette 
registers as well as general mode¬ 
setting and color-output features of the 
VGA. Tests of the attribute controller 
exercise the operation of the palette 
registers in the same manner that the 
DAC registers are tested. The tests also 
cover the operation of the mode- 
control register as it affects display 
features and pixel panning. 

Finally, the suite evaluates an 
adapter’s compatibility with IBM’s VGA 


split-screen and panning support (see 
“Pixel Panning and Split Screens,” Rich¬ 
ard Wilton, p. 62). A set of tests exam¬ 
ines the operation of text split-screen 
support and the ability of the adapter 
to pan and scroll the video display 
over a larger image in the video buffer 
in both text and graphics modes. 

Before testing individual boards, 
the entire VGA evaluation suite first 
was run on an IBM PS/2 Model 50, 
once with a color monitor and once 
with a monochrome monitor. The re¬ 


sulting baseline data and sets of regis¬ 
ter values for IBM’s system-board VGA 
became the point of reference to deter¬ 
mine the degree of VGA compatibility 
of various add-in adapters. PC Tech 
Journal will test individual boards run¬ 
ning the evaluation suite on an IBM 
PC/AT Model 339- 

IBM AND COMPAQ BOARDS 

The IBM PS/2 Display Adapter provides 
VGA features to die IBM PS/2 Model 30, 
PC, and AT computers and also works 
in compatible computers, including 
those made by Compaq. The Compaq 
Video Graphics Controller is designed 
for use on Compaq computers but also 
works on PC and AT-bus compatible 
computers. The features of each board 
are summarized in table 3. 

The IBM adapter is unusual in 
size, being a full-length PC-adapter 
board with the diminutive height of a 
Micro Channel board (see photo 1). It 
uses the IBM VGA and INMOS DAC 
chips used on the system-board VGA 
video system along with the standard 

15- pin display connector. The top- 
mounted feature connector provides 
signals that the PS/2 system-board VGA 
provides on the Micro Channel video 
extension. IBM provides clear installa¬ 
tion and testing instructions with the 
board along with diagnostics for use 
with IBM machines. A technical refer¬ 
ence manual for the board is available 
at extra cost. 

The Compaq VGC is a two-thirds- 
length board that uses the Paradise 
VGA chip and the same INMOS DAC as 
the IBM board, but it incorporates more 
surface-mount technology than IBM 
(see photo 2). It uses the same 15-pin 
display connector and top-mounted fea¬ 
ture connector as IBM, but it has a full 

16- bit expansion bus connector, rather 
than the IBM board’s 8-bit connector. 
The Compaq board can be used in an 
8-bit expansion slot but provides much 
faster performance when used in a 16- 
bit expansion slot. Two jumpers on the 
board indicate if it is to operate in, and 
if the video BIOS is to be accessed in, 

8- or 16-bit mode. Accessing the BIOS in 
16-bit mode generally provides better 
performance but may cause address 
conflicts with some LAN and expanded- 
memory boards. Compaq provides a 
diagnostics diskette and instructions for 
installing the board in its Portable III 
and Portable 386 as well as desktop 
computers. A technical reference man¬ 
ual is available at extra cost. 

Table 4 shows the degree to which 
both the IBM and Compaq boards live 
up to the IBM system-board VGA. Nei- 
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TABLE 5: Performance Test Results 


IBM VGA COMPAQ VGC 


HLTEXT (text scrolling) 


BIOS 

DOS 

20.05 

22.96 

7.91 

C library 

. 20.49. 

8.73 

Windowed 

11.09 

5.87 

Total 

74.61 

33.24 

HLWINDOW (window/scrolling) 



Total 

15.98 

7.74 

HLGRAPH (16-color graphics) 

400 small areas 

7.58 

6.53 

100 large areas 

5.16 

4.01 

400 small ellipses : 9HBH 

10.49 

10.10 

200 large ellipses 

9.89 

9.45 

4,000 short lines 

7.36 

6.59 

2,000 long lines 

6.64 

5.98 

General graphs 

1.70 

1.53 

Total 

48.84 

44.23 


All times are in seconds, converted from 18. 2-Hz timer ticks; therefore, total displayed is not 
always the exact sum of the individual results displayed. 


The Compaq VGC board, with its 16-bit interface, performed the text scrolling 
and window/scrolling tests more than twice as fast as the 8-bit IBM VGA board. 


ther board is completely compatible. 

The IBM adapter, when coupled with a 
color or monochrome display, dupli¬ 
cated the system-board VGA precisely 
except in one register—the general 
register set’s input status register 0. 

That register’s 5 and 6 bits were re¬ 
served and always read one on the 
VGA, but they read zero on the 
adapter. Because applications software 
should not depend on the value of re¬ 
served register fields, this incompatibil¬ 
ity should not be a problem. 

When using the IBM adapter on a 
monochrome display, a few additional 
problems arose in the BIOS tests, par¬ 
ticularly those that used the BIOS to 
read characters from one position, 
write them to another, and then read 
them back again. When writing charac¬ 
ters in video mode ODH, some charac¬ 
ters were written incorrectly in black, 
causing an attempt to read them back 
to fail. A similar problem caused the 
scrolling test to fail. Oddly enough, at¬ 
tempts to write black on black in video 
mode OFH did not fail when they 
should have failed—the character was 
read back correctly when it should 
have been invisible. 

The Compaq adapter showed iden¬ 
tical errors on the BIOS text and scroll¬ 
ing routines when connected to a 
monochrome monitor, but it failed on 
a color monitor in video mode 11H. 
The input-status register’s reserved bits 
also were set to 1 when a color moni¬ 
tor was attached, but attaching the 
monochrome monitor caused them to 
revert to their correct value of 0, un¬ 
like the IBM adapter. 

Attaching a monochrome monitor 
and setting monochrome gray-scale 
modes caused the Compaq adapter to 
load a set of DAC-interface register val¬ 
ues, which did not exactly match the 
PS/2 values when attached to the same 
monitor. The resulting discrepancy in 
gray scale caused some visual problems 
to appear during the BIOS-mode sup¬ 
port test. Although all video modes 
could be programmed and appeared 
to work properly, some modes had a 
dark-gray background instead of a 
black one. This seemed to be only a 
cosmetic problem—the output was still 
readable, but the lack of a high-contrast 
• background was disconcerting. 

The performance of both boards 
was compared using the text scrolling, 
windows/scrolling, and 16-color graph¬ 
ics tests from the PC Tech Journal sys¬ 
tems benchmark suite. As seen in table 
5, the Compaq board, when used with 
its 16-bit interface and 16-bit BIOS 
mode, runs the text scrolling and win¬ 


dows/scrolling tests twice as fast as the 
IBM board with its 8-bit interface. The 
Compaq adapter board is only about 10 
percent faster on the graphics test be¬ 
cause the Microsoft C graphics routines 
used in the test do not take advantage 
of 16-bit I/O. 

Although neither the IBM nor the 
Compaq adapter made a 100-percent 
grade on these tests, neither failed in 
matters likely to be important to com¬ 
mercial applications. Some differences 
were cosmetic and some were situa¬ 
tions in which an operation that should 
have failed succeeded. At $599, the 
Compaq adapter costs four dollars 
more than the IBM board but provides 
much greater performance and about 
the same degree of compatibility. As PC 
Tech Journal evaluates more VGA com¬ 
patibles, these two candidates will pro¬ 
vide a stern standard by which others 
can be judged. 

MATCHING BEHAVIOR 

Results of the evaluation suite should 
provide concise and valuable informa¬ 
tion to buyers and developers concern¬ 
ing the suitability of a given VGA sys¬ 
tem for their use. Broadly, VGA com¬ 
patibility can be measured at the BIOS 
or the register level—BIOS compatibil¬ 
ity will ensure that you can run DOS 
on your system but probably not much 
else (including OS/2). 

Register compatibility by itself is 
much closer to the mark for most 
needs. The most significant features of 


the evaluation suite examine the opera¬ 
tion of the VGA as a whole and how a 
compatible adapter’s overall behavior 
matches that of the IBM system-board 
VGA video system. 

Cooperative BIOS and register 
compatibility, high-level functionality, 
and consistent system behavior are the 
hallmarks of truly compatible VGA dis¬ 
play adapters. As PC Tech Journal con¬ 
tinues the evaluation of individual 
products, the greatest emphasis will be 
placed on this general compatibility— 
the level of quality and consistenq' that 
will allow applications software to run 
smoothly and allow users and buyers 
confidently to purchase and recom¬ 
mend compatible hardware for their 
daily requirements. 1 nimnim 

IBM Corporation 

900 King Street 

Rye Brook, NY 10573 

800/IBM-2468; for nearest dealer, 

800/447-4700 

Personal System/2 Display Adapter 

CIRCLE 338 ON READER SERVICE CARD 

Compaq Computer Corporation 
20555 PM 149 
Houston, TX 77070 
713/370-0670 

Video Graphics Controller Board 

CIRCLE 337 ON READER SERVICE CARD 


Ed McNiemey is a principal engineer at 
Lotus Development Coiporation in Cam¬ 
bridge. Kent Quirk is president of Totel Sys¬ 
tems Inc. in Westford, Massachusetts. 
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Upgrading mass storage 
used to mean one interruption 
after the other. 

Your users were very easily 
confused. 

And you weren't always free 
to answer questions like, "How 
do I set up a subdirectory?" 
Or, "How do I upgrade the 
DOS on my hard disk?" 

But, all that's changed. With 
Plus Hardcard™ 40 you can 
upgrade your users to 40MB 
easily and never have to worry 
about it again. 

Because Plus 
Hardcard has 
been specifically 
designed with 
the end user in 


Plus Technical 
Support Line 

1 - 800 - 826-8022 
_r_r_ 


mind. It's completely 
different from other hard 
disks. For example, you won't 
have to personally install 
the Hardcard. Most of your 
users can do it in minutes. 
There's no system recon¬ 
figuration. No connector 
cables or adapter cards. And 
there's plenty of simple 
documentation ready to help 
those who don't know their 
keyboards from their 
clipboards. 

There's even a 
toll-free technical 
support number 
for installation and 
user information. 

So if any of your 


Plus and Hardcard are trademarks and the Plus logo is a registered trademark of Plus Development Corp., a wholly owned subsidiary of Quantum Corp. TVademarks/owner: IBM/Intemational Business 





your users 
will never 

them again. 


people have immediate compatible with some 
questions, you won't have of the biggest names in the 
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immediate answers. And more. So if upgrade 

More importantly, Plus interruptions have kept you 
Hardcard is the most reliable from getting to bigger issues, 
(40,000 hours MTBF) fixed call us for complete compati- 
disk available. It also bility and other technical 

happens to be extremely information # 

fast (access time 35ms) and at 1-800- pill c y/jfau 
durable (100 Gs). And it's 826-8022. 8 ® 
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COVER SUITE: 
EXPLOITING 
THE VGA 


Pixel Panning 

and 

Split Screens 

Two overlooked virtues of the VGA allow easy access to pans of the 
picture outside the confines of the screen. 

RICHARD WILTON 


T he Video Graphics Array (VGA) is 
more than just a huge, high-tech 
box of crayons with 256,000 bril¬ 
liant hues and subtle shadings. Nor 
does its value to software and applica¬ 
tions development end with the deep 
intensity with which its 640-by-480-pixel 
resolution can display colors on the 
screen. Contained within the VGA is 
hardware support for two features: 
pixel panning and split screens. 

Pixel panning at the hardware 
level smoothly slides a screen image 
up, down, left, and right on the screen 
without the user having to wait for the 
software to redraw the image. Tradi¬ 
tionally, most programmers have made 
graphics or text slide across the screen 
by copying blocks of characters or pix¬ 
els from one location in the video 
buffer to another. VGA hardware, how¬ 
ever, can do this cleaner and faster by 
moving part or all of the displayed 
image without the need for software to 
reshuffle pixels constantly. 

Panning can save time in develop¬ 
ing and using applications in which the 
video output normally extends beyond 
the confines of the screen and is espe¬ 


cially important for applications that 
require users to access or monitor 
large amounts of data. For example, 
medical and scientific monitoring appli¬ 
cations often require that the screen 
scroll constandy to the left to display 
recent input. 

A split screen can display two sep¬ 
arate parts of the video buffer simulta¬ 
neously—one image on top, the other 
on die bottom. When using a split 
screen, commands and data entered in 
one part can update information auto¬ 
matically in the other. Thus, in a 
spreadsheet application, the user can 
input changes in one part of the screen 
and see them reflected in a chart on 
the other part of die same screen. This 
feature also could be used to develop a 
debugger that allows simultaneous 
viewing of outputs from the debugger 
and program being tested. 

This hardware support for split¬ 
screen displays and pixel-by-pixel pan¬ 
ning can be used for impressive dem¬ 
onstration programs as well as special 
effects. Practical applications that ex¬ 
ploit these features are rare, however, 
because of the lack of support for VGA 


hardware in commonly used program¬ 
ming languages and libraries. As devel¬ 
opers learn more about programming 
die VGA, this is likely to change. 

The VGA’s ROM BIOS does not 
directly support either panning or 
split-screen programming but instead 
supports repositioning die screen win¬ 
dow in the video buffer. For example, 
INT 10H function 5 changes the value 
in the CRT controller (CRTC) start- 
address registers in increments of one 
full screen of text or graphics. IBM’s 
ROM BIOS documentation refers to 
each screenful of data as a display 
page . This paged organization is no 
help for panning, but lets developers 
display data stored in otherwise unused 
portions of the video buffer. 

Even though ROM BIOS support is 
lacking, you can develop applications 
that use hardware-level pixel panning 
and screen splitting without an enor¬ 
mous amount of programming. Rou¬ 
tines presented in this article demon¬ 
strate how to redimension the video 
buffer to contain an unusually wide or 
long table, spreadsheet, or graph and 
then pan the screen window across all 
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PANNING AND SPLIT SCREENS 



The VGA display screen is a window on the contents of the video buffer; the 
screen boundaries delineate the visible portion of the data in the video buffer. 


data in the video buffer. They also 
show how to add a split screen to 
maintain a caption in the lower part of 
the screen while panning the upper. 

YELLOW FOR CAUTION 

Although the panning and split-screen 
programming techniques for the VGA 
are comparatively straightforward, they 
illustrate some difficulties in video¬ 
hardware programming. Any program 
that relies on the VGA’s hardware pan¬ 
ning or the split-screen feature is not 
portable to video hardware that does 
not support it. 

Many software developers have 
steered away from both of these fea¬ 
tures in the past because of lack of 
support from IBM’s earliest PC-graphics 
standard, the Color Graphics Adapter 
(CGA). This is less an obstacle, how¬ 
ever, now that the VGA is standard on 
new computer systems and the CGA is 
fading into the canvas. 

Perhaps more annoying is the fact 
that some panning techniques for the 
VGA do not quite work on the En¬ 
hanced Graphics Adapter (EGA), which 
IBM introduced after the CGA and be¬ 
fore the VGA. Both the EGA’s CRTC 
and its attribute controller lack some of 
the functionality provided in the VGA. 
Therefore, the use of these features on 
the EGA requires more coding. 

Another potential problem is that 
some non-IBM VGAs for PC/AT-compati- 
ble systems fail to offer the same pan¬ 
ning or split-screen functionality as a 


true-blue VGA. All VGA features de¬ 
scribed in this article are documented 
by IBM, and all examples given should 
work on compatible VGA boards avail¬ 
able from third parties. As an added 
safety measure, buyers may want to test 
these features on compatible boards 
before purchasing them. 

Exploiting the VGA’s support for 
panning and split-screen images is not 
an insurmountable problem. Learning 
how to make the most of these capabil¬ 
ities in both alphanumeric and graphics 
video modes is the key to developing 
applications that demand smoothly ani¬ 
mated text and graphics. 

SOFTWARE STOPGAP 

In terms of programming effort, the 
easiest approach to panning is to re¬ 
draw the image quickly and repeatedly 
in a sequence of different positions 
using software. The following BASIC 
program slides the text string “Hello, 
there” across the screen from right to 
left by redrawing it once in each char¬ 
acter column on the screen: 

10 SCREEN 0 : KEY OFF : CLS 
20 FOR X = 60 TO 1 STEP -1 
30 LOCATE 1,X,0 
40 PRINT “Hello, there 
50 NEXT 
60 END 

When this alphanumeric-mode program 
runs, the string seems to zip across the 
screen until it comes to rest in the 
upper-left corner. 


The panning effect that this simple 
program produces is not particularly 
useful, however. The movement of the 
text string may appear smooth when 
the program runs at full speed, but 
slowing the rate at which the string 
slides across the screen—as is the case 
in most real-world applications—makes 
its movement appear increasingly jerky. 
(To demonstrate this problem, insert a 
delay loop between lines 30 and 40 of 
this program.) 

The problem results because the 
distance between successive appear¬ 
ances of the string on the screen is the 
width of one character—about one- 
tenth of an inch on a typical VGA dis¬ 
play. The human eye perceives this 
movement as a jerky motion rather 
than as smooth panning. 

A reasonable solution is to move 
the string in increments of one pixel 
instead of one character. This is accom¬ 
plished in software using one of the 
VGA’s graphics modes. In alphanumeric 
mode, the string is positioned to the 
nearest character row or column; in 
graphics mode, the developer has 
more detailed pixel-by-pixel control 
over the string’s location on the screen. 

The following BASIC program il¬ 
lustrates how pixel-by-pixel panning in 
a graphics mode can appear much 
smoother than character-by-character 
panning in an alphanumeric mode: 

10 DEFINT A-Z : DIM BITBLOCK(58) 

20 REM 640 by 200 2-color graphics 
30 SCREEN 2 : KEY OFF : CLS 
40 LOCATE 1,61,0 : PRINT “Hello, there 
50 REM Copy the bit block 
60 GET (480,0) - (584,7),BITBLOCK 
70 REM Transfer the bit block 
80 FOR X = 480 TO 0 STEP -1 
90 PUT (X,0),BITBLOCK,PSET 
100 NEXT 
110 END 

One drawback with the graphics¬ 
mode version is that it runs more 
slowly because graphics-mode software 
panning must move many more bytes 
of data in order to translate an image. 
In the alphanumeric-mode program, 
only 26 bytes of data represent the 
“Hello, there” string in the video 
buffer. This includes one attribute byte 
for each character in die string and 
accounts for die trailing blank at the 
end of the string. In 640-by-200-pixel 
two-color graphics mode (which is in¬ 
voked using SCREEN 2 in BASIC), the 
same string is represented in 104 bytes 
of data (13 characters times 8 bytes per 
character). Displaying the same string 
in the VGA’s 640-by-480-pixel 16-color 
mode would require 832 bytes of data 
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(13 characters times 16 bytes per char¬ 
acter times 4 bit planes). 

The large amount of data move¬ 
ment in graphics-mode software pan¬ 
ning limits its usefulness. The speed at 
which an image can appear to move 
across the VGA screen is limited by the 
speed of the computer’s microproces¬ 
sor. The larger the image, the more 
slowly it moves. 

Furthermore, a CPU that is busy 
shuffling pixels in the video buffer is 
not doing any other work. In multitask¬ 
ing operating environments such as 
OS/2, using this method can mean 
slowing the execution of other tasks as 
well as making on-screen performance 
rather sluggish. 

A related drawback is that a large 
image in graphics-mode software pan¬ 
ning can take a long time to redraw, 
resulting in a perceptible lag between 
the time the top of the panned image 
moves across the screen and the time 
the bottom moves. This time lag can 
cause the image to smear or ripple; it 
is most evident with large images and 
relates directly to the speed of the 
microprocessor. 

THE TRUE GRIT 

Where software support results in slow 
and jerky panning, hardware support is 
quick and smooth. By manipulating a 
few VGA parameters, the developer can 
move displayed images directly and 
smoothly across the screen. The VGA 
hardware also allows splitting the dis¬ 
played image horizontally into two in¬ 
dependent images, one of which can 
be panned smoothly while the other 
remains stationary. 

In order to understand how the 
VGA hardware supports both smooth 
panning and split-screen displays, visu¬ 
alize the relationship between the 
image that appears on the screen and 
all the data that are actually stored in 
the VGA’s video buffer. The buffer, 
which contains all the data displayed 
on the screen, is large enough to con¬ 
tain much more than one screenful of 
data. This means that what appears on 
the screen may not be the entire image 
that is contained in the video buffer. 

Imagine the screen to be a win¬ 
dow on the contents of the video 
buffer (see figure 1). This window is 
not to be confused with the notion of 
a window in an environment such as 
Microsoft Windows, where a window 
represents a logical region in which a 
program generates its output. Instead, 
the screen window delineates the visi¬ 
ble portion of the data contained in the 
video buffer. 


TABLE 1: Pixel Panning 



The starting pixel of the image is de¬ 
termined by the value in the horizon¬ 
tal-pel-panning register and the num¬ 
ber of pixels displayed per byte. 


Although the video buffer is ad¬ 
dressed with a linear sequence of ad¬ 
dresses, imagine the video buffer as 
two-dimensional, with a logical width 
that corresponds to the number of 
characters or pixels that can be dis¬ 
played in each row on the screen. The 
key to understanding how screen split¬ 
ting and panning work on the VGA is 
to realize that the screen window can 
be positioned to display any portion of 
the video buffer, or (in the case of 
screen splitting) to display two separate 
portions of the data in the buffer. 

Nevertheless, virtually all VGA pro¬ 
grams ignore the extra memory in the 
video buffer. They assume that the ori¬ 
gin of the screen window coincides 
with the start of the video buffer, and 
that the logical width of the video 
buffer is the same as the logical width 
of the screen. In effect, the VGA’s video 
buffer is longer than the displayed 
screen image. In order to use the extra 
RAM in the video buffer, developers 
must know how to program the VGA’s 
control circuitry to change the origin of 
the screen window and the logical 
width of the video buffer. Most pro¬ 
grammers accomplish this by writing 
short assembly-language subroutines 
that directly access die VGA hardware, 
but some of the work can be done 
through calls to the VGA’s ROM BIOS. 
Both of these techniques are used in 
listings 1 through 8, provided below. 

NEW BEGINNINGS 

The screen window is repositioned by 
changing its origin in the video buffer. 
To accomplish this, you need to know 
how to program the VGA’s CRTC, 


which is the portion of the VGA cir¬ 
cuitry that synchronizes the display cir¬ 
cuitry’s accesses to the video buffer 
with the timing signals that control the 
sweep of the electron beam across the 
video display. 

In effect, the CRTC locates the 
screen window by determining the 
address in die video buffer that corre¬ 
sponds to the origin (that is, the 
upper-left corner) of the screen. The 
CRTC also determines the logical width 
of the video buffer. The combination of 
these parameters determines what por¬ 
tion of the video buffer is displayed in 
die screen window. 

The VGA’s CRTC uses a set of 23 
internal 8-bit registers to store a wide 
range of values that control the timing 
signals necessary to drive the video dis¬ 
play. Among these registers are three— 
start-address high, start-address low, 
and offset—that specify the start ad¬ 
dress of the screen window and the 
logical width of the video buffer. The 
developer can change these values by 
updating the contents of the appropri¬ 
ate CRTC registers. 

All of the VGA’s CRTC registers are 
accessed using the 8-bit I/O port at 
3D5H. To access the port, first write a 
register number (0 through 18H) to 
port 3D4H and then read or write port 
3D5H to access the corresponding 
CRTC register. (In video modes 7 and 
OFH, which emulate the EGA modes 
supported on IBM’s 3151 monochrome 
display, the relevant port addresses are 
3B4H and 3B5H.) 

The subroutine shown in listing 1 
reads the value in a VGA CRTC register. 
The corresponding routine in listing 2 
writes a value to a VGA CRTC register. 
These routines are written in assembly 
language, but, in general, developers 
can accomplish the same task in high- 
level languages that support port I/O. 
For example, both the Microsoft C 
functions outp and inp and the BASIC 
functions INP and OUT can access 
CRTC registers. 

Vertical positioning. Several CRTC regis¬ 
ters control the position of the origin 
of the screen window. The easiest ones 
to use are the two start-address regis¬ 
ters, numbered OCH and ODH. These 
two registers contain the 16-bit offset of 
the first displayed byte of data in the 
video buffer, with the high-order byte 
of the offset in register OCH and the 
low-order byte in register ODH. When 
you call the VGA ROM BIOS to set up 
a video mode, the offset in the start- 
address registers is set to zero, posi¬ 
tioning the screen window by default 
at the start of the VGA’s video buffer. 
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PANNING AND SPLIT SCREENS 


TABLE 2: ROM BIOS Data Area Video Parameters 


ADDRESS 

SIZE 

DESCRIPTION 

0040:004A 

Word 

Number of character columns per row 

0040:004C 

Word 

Number of bytes in each video page 

0040:004E 

Word 

Value in start-address registers 

0040:0084 

Byte 

Number of displayed character rows minus 1 


These values in the BIOS data segment should be updated whenever BIOS rou¬ 
tines are used to manipulate data in the nondisplayed portion of the video buffer. 


Changing the CRTC start-address 
value repositions the screen window in 
the video buffer. Consider what hap¬ 
pens in the C program shown in listing 
3, where the start-address value is in¬ 
cremented by 80 in successive itera¬ 
tions of a program loop each time a 
key is pressed. In 80-column alpha¬ 
numeric video modes, each iteration 
causes the screen windows position 
to move down a row of characters. 

In a graphics mode, the results are 
similar. The difference is that each row 
of data in the video buffer is one pixel 
high instead of one character high. The 
resulting vertical movement of the 
screen window is smoother than in 
alphanumeric modes. 

What about pixel-by-pixel vertical 
scrolling in alphanumeric modes? To 
accomplish this, you need to locate the 
screen window not only at a particular 
row of characters, but also at a particu¬ 
lar scan line within the topmost charac¬ 
ter row. The VGA’s CRTC provides a 
way to do this through its preset-row- 
scan register (8). The value in the five 
low-order bits of this register is set to 
zero whenever the ROM BIOS is called 
to establish a video mode; changing 
this value changes the scan line at 
which the first row of characters is dis¬ 
played. Thus, the combination of the 
start-address and preset-row-scan values 
locates the screen origin at a particular 
pixel ^-coordinate. 

For example, in the VGA’s default 
80-by-25-pixel 16-color alphanumeric 
mode, each character row contains 16 
scan lines (that is, 16 pixels). To scroll 
smoothly, increment the preset-row- 
scan value from 0 through 15. To get 
to the next row of characters, incre¬ 
ment the start-address registers and set 
the preset-row-scan value to zero. 
Horizontal positioning. When experi¬ 
menting with the CRTC’s start-address 
registers, you will notice that gradually 
incrementing the value in these regis¬ 
ters moves the screen origin to the 
right, character by character. As in ver¬ 
tical positioning, you must program an 
additional register in order to achieve 


pixel-by-pixel horizontal positioning of 
the screen window. 

The register that controls pixel-by¬ 
pixel horizontal positioning is in the 
VGA’s attribute controller. Like the 
CRTC, the attribute controller uses a set 
of 8-bit registers mapped to a single 
pair of I/O ports to control the display 
of data. The attribute controller, how¬ 
ever, is more difficult to program than 
the CRTC because the VGA hardware 
uses the I/O port at 3C0H both to se¬ 
lect a register number and to write 
data to the register. (This I/O port’s 
function is controlled by a switch 
whose state is reset when a program 
reads a value from the VGA’s input- 
status register at 3BAH or 3DAH.) To 
avoid these complications, rely on ROM 
BIOS INT 10H function 10H, which 
provides two subfunctions (7 and 0) 
that read and write any designated at¬ 
tribute-controller register. 

You must program both the CRTC 
and the attribute controller in order to 
position the screen origin at a particu¬ 
lar pixel in the horizontal direction. 

The attribute controller’s horizontal- 
pel-panning register (13H) designates # 
the starting pixel in the video-buffer 
byte specified by the CRTC start- 
address registers. The assembly- 
language routine shown in listing 4 
uses these start-address registers to 
position the screen window at a speci¬ 
fied pixel location in the video buffer. 

Determining die value for the 
horizontal-pel-panning register is 
slightly involved because the VGA can 
display either eight or nine pixels for 
each byte in the video buffer, depend¬ 
ing on the video mode in use. You can 
determine the number of displayed 
pixels per byte by examining the low- 
order bit of the clocking-mode register 
(1) in the VGA’s sequencer (which pro¬ 
vides basic timing for video memory). 
This register is examined by writing its 
register number (1) to I/O port 3C4H 
and then reading port 3C5H to retrieve 
the contents of the register. Whether 
the VGA is displaying eight or nine pix¬ 
els per byte, you can use the informa¬ 


tion in table 1 to determine the 
horizontal-pel-panning value required 
to produce the desired image shift. 

Listing 4 brings all these hardware 
programming techniques together in a 
single, C-callable subroutine that posi¬ 
tions the screen window’s origin at a 
specified pixel location. Developers can 
achieve smooth panning and scrolling 
effects simply by calling the routine 
within an iterative loop. For example, 
the C program in listing 5 uses the 
subroutine in listing 4 to scroll the 
screen window smoothly down and 
up by 100 pixels. 

Rewriting this program to scroll 
the screen window horizontally instead 
of vertically reveals a problem. The 
logical width of the video buffer is the 
same as that of the screen window, so 
horizontal panning simply wraps the 
screen image around the screen. In¬ 
creasing the logical width of the video 
buffer will allow the developer to scan 
any material that extends beyond the 
width of the screen. 

RESHAPING THE BUFFER 

The key to redimensioning the video 
buffer is the CRTC-offset register (13H). 
This register specifies the logical width 
of the video buffer, measured in 16-bit 
words (not bytes). In 80-column alpha¬ 
numeric video modes, the logical line 
width is 80 bytes and the value in the 
offset register is 28H (40 decimal). In 
graphics modes, each byte has 8 dis¬ 
played pixels. Thus, in modes having a 
horizontal resolution of 640 pixels, the 
offset register again contains 28H. 

To change the VGA video buffer’s 
logical width, simply update the CRTC- 
offset register. For example, you can 
double the logical width in 80-column 
alphanumeric modes by storing 50H 
(80 decimal) in the offset register. 
Modifying listing 5 to do this before 
panning allows horizontal panning to 
proceed across 160-character columns 
without wrapping. 

When redimensioning the video 
buffer, be careful not to exceed its 
64KB logical size. For example, in 640- 
by-480 graphics modes, the logical 
width of the video buffer should be no 
larger than 65,536 bytes per 480 lines, 
which equals about 136 bytes (68 
words) per line. Larger values cause 
the displayed image to wrap from the 
top to the bottom of the screen. 

To use the display screen as a win¬ 
dow on a video buffer that contains 
more than one screenful of data, you 
can fill the entire VGA video buffer 
with displayable text or graphics data. 
Although only a portion of the contents 


NOVEMBER 1988 


67 












A Multiple-Choice Test 
for VGA Users 



A. TECMAR VGA/AD™ B. COMPAQ® VGC 


C. IBM® VGA 


800x600 Resolution, in 256 Colors. 


320x200 Resolution, in 256 Colors. 


320x200 Resolution, in 256 Colors. 


• Standard VGA-640x480 
resolution in 256 colors 

• EGA, CGA, MDA and 
Hercules™ compatibility 

• 16-bit bus for speed 

• 8-bit bus compatible 

• 1024x768, non-interlaced, 
resolution in 16 colors 

• 800x600 resolution in 256 colors 

• Popular applications support 
in nigh-resolution modes 

• Free software driver upgrades 

• Digital- and analog-monitor 
support 

• Turbo BIOS for speed 

• QuickTurn™ Quality Service- 
Guaranteed 48-hour replace¬ 
ment or repair 

• Warranty—Two years 

• Price—$545 


• Standard VGA-640 x 480 
resolution in 16 colors 

• EGA, CGA and MDA 
compatibility 

• 16-bit bus 

• Warranty—One year 

• Price—$599 


• Standard VGA-640 x 480 
resolution in 16 colors 

• EGA, CGA and MDA 
compatibility 

• 8-bit bus 

• Warranty—One year 

• Price—$595 


The Choice Is Clear: 
Tecmar VGA/AD 

Tecmar, Inc., 6225 Cochran 
Road, Solon, Ohio 44139-3377. 


See us at Comdex, booth # 1916 . 

All Tecmar products are trademarks or registered trademarks oj Tecmar. Inc. Other brand and product names are trademarks or registered trademarks of their respective companies. Images created by RIX SoftWbrks. Inc.. Irvine. California. (7141 
476-8266. ©Copyright Tecmar. Inc., a subsidiary of Rexon. Inc., 1988. All rights reserved. 

CIRCLE NO. 225 ON READER SERVICE CARD 



Tecmar’s super-VGA resolutions 
are the right answer for busi¬ 
ness, desktop publishing 
and CAD/CAM 
graphics. 

Make the right 
choice for VGA 



graphics. 
Call now 
for more infor¬ 
mation at (800) 
624-8560. Or write 






PANNING AND SPLIT SCREENS 


of the video buffer can be displayed at 
one time, you can arrange it so that 
keyboard commands or a pointing de¬ 
vice will pan the screen to any desired 
location in the video buffer. 

The ROM BIOS routines are com¬ 
paratively tolerant about storing text or 
graphics data in nondisplayed portions 
of the video buffer. If you use the VGA 
ROM BIOS routines for this purpose, 
be sure to update the relevant status 
variables in the ROM BIOS data seg¬ 
ment (see table 2). This helps ensure 
that the ROM BIOS INT 10H functions 
for character output (functions 9, OAH, 
and OEH) and pixel output (function 
OCH) work properly. 

SEPARATE BUT EQUAL 

The VGA’s split-screen display is essen¬ 
tially a display of two different portions 
of the video buffer at the same time. As 
shown in figure 2, the upper part of 
the video display contains the data 
from the portion of the video buffer 
designated by the CRTC start-address 
registers, and the lower part of the 
video display contains the data from 
the beginning of the video buffer 
(starting at offset 0 in the buffer). 

When using the VGA split-screen 
feature, keep in mind that most com¬ 
mercial software packages use the be¬ 
ginning of the video buffer for output. 
This is the portion that appears in the 
bottom part of the split screen. For 
example, when using the DOS com¬ 
mand processor, COMMAND.COM, the 
command-line prompt will appear in 
the bottom part of the screen. For data 
to appear in the top part of a split 
screen, you must store the data in the 
portion of the video buffer that begins 
at the address contained in the CRTC 
start-address registers. 

You can change the size of the two 
parts of the split-screen display by 
specifying the scan line at which the 
split in the screen occurs in the CRTC 
line-compare register (18H). Like the 
other CRTC registers, line compare is 
an 8-bit register that contains a value 
no larger than FFH (255 decimal). Be¬ 
cause the VGA can display more than 
256 scan lines, the designers of the 
CRTC hardware had to find a way to let 
developers specify line-compare values 
larger than 255. They accomplished this 
by using a 10-bit line-compare value; 
bits 0-7 are stored in the line-compare 
register, bit 8 is stored as bit 4 in the 
CRTC overflow register (7), and bit 9 is 
stored as bit 6 in the CRTC maximum- 
scan-line register (9). Thus, in order to 
create a VGA split screen, you must 
update three different CRTC registers 



In split-screen mode, the VGA displays data from two different parts of the video 
buffer at the same time. The upper part of the screen displays data beginning at 
the video-buffer location specified by the CRTC start-address registers, and the 
lower part of the screen displays data beginning at the start of the video buffer. 


to store the 10-bit line-compare value 
(see listing 6). 

To slide the split up and down 
(enlarging one or the other window), 
change the line-compare value within 
an iterative loop. Increasing the value 
enlarges the top part of the displayed 
image; decreasing the value expands 
the bottom part. To disable the split 
screen, use the maximum possible 
line-compare value (3FFH). This is the 
value used by default in all ROM BIOS 
video modes. 

TWO-TONE PROGRAMS 

Many developers combine panning and 
split-screen techniques in the same 
program only after they have devel¬ 
oped routines for each feature sepa¬ 
rately and feel comfortable with them. 
When the two techniques are used to¬ 
gether in one program, the result is 
that the bottom portion of a displayed 
image remains stationary while the top 
portion is moving. 

The C program shown in listing 7 
provides a simple example of how to 
accomplish this capability. The program 
produces the illusion of continuous 
output by plotting data points at the 
right side of the screen, panning from 
right to left, and then erasing all previ¬ 
ously plotted points as they reach the 
left side of the screen. The assembly- 


language routine in listing 8 is used to 
set pixels on the screen. 

A potential problem with split¬ 
screen panning can occur because 
changing the value in the horizontal- 
pel-panning register shifts both halves 
of the screen when developers most 
likely want to pan only one part. Devel¬ 
opers can avoid this double panning by 
setting bit 5 of the attribute controller 
mode-control register (register 10H) to 
1, which instructs the attribute control¬ 
ler to use a horizontal-pel-panning reg¬ 
ister value of zero for the bottom part 
of the split-screen image, regardless of 
the actual value. In listing 6, an INT 
10H function is used to set bit 5 in the 
mode-control register so that all subse¬ 
quent horizontal-panning operations 
will proceed smoothly. 

This hardware solution, however, 
introduces a new problem—bad wrap¬ 
ping. In the default ROM BIOS alpha¬ 
numeric modes, the VGA displays nine 
horizontal pixels per character. In this 
case, setting the horizontal-pel-panning 
register to zero shifts the displayed 
image left by one pixel as described in 
table 1. If the top part of the split 
screen is panned when the VGA alpha¬ 
numeric mode is being used, the first- 
pixel column in the bottom portion of 
the split screen wraps from die left to 
the right side of the screen. Making the 


NOVEMBER 1988 


69 

























PANNING AND SPLIT SCREENS 


first character blank in each line of the 
bottom part of the screen ensures that 
information does not wrap around 

THE PERFECT PICTURE 

Few existing programs and software 
take full advantage of pixel panning 
and split screens because of the unreli¬ 
ability and slowness of these features in 
the past. But the VGA’s excellent hard- 
ware-level support for these practical 
functions is the first step in increasing 
awareness and use of them. The prolif¬ 
eration of pixel panning and split 
screens in the-software community can 


mean a new wave of increasingly func¬ 
tional and productive PC applications 
and programming tools. 

Even with the best software, how¬ 
ever, PC developers are ultimately lim¬ 
ited in what they can achieve with VGA 
hardware. The VGA provides better PC 
graphics capabilities than have been 
previously available, but still these fea¬ 
tures clearly are not designed for so¬ 
phisticated animation-quality graphics. 

For developer ease, the next logi¬ 
cal step is to incorporate routines for 
the VGA’s split screen and panning in 
C and other language libraries so that 


developers do not have to re-create 
them. IBM and vendors of VGA com¬ 
patibles would aid developers by sup¬ 
porting pixel panning and split screens 
at the VGA’s BIOS level. This support 
would reduce the amount of assembly- 
language code developers must write 
to access these features. Riimmiii m 


Richard Wilton is a fellow in UCLA's Medical 
Informatics Program. He is author of the 
Programmer’s Guide to PC and PS/2 Video 
Systems (1987) and coauthor of The New 
Peter Norton Programmer’s Guide to the PC 
and PS/2 (1988), both from Microsoft Press. 


LISTING 1: GETCRTCR.ASM 


; Microsoft C: 

; unsigned char GetCRTCReg( n ); 

; unsigned char n; /* register number */ 

_TEXT 

SEGMENT byte public 'COOE' 


ASSUME 

cs:_TEXT 


PUBLIC 

_GetCRTCReg 

_GetCRTCReg 

PROC 

near 


push 

bp 


mov 

bp,sp 


mov 

ax,40h ; get I/O port for CRTC index reg 


mov 

es,ax ; from ROM BIOS data area 


mov 

dx,es:[63h] 


mov 

al,[bp+4] ; AL = register number 


cli 

; clear interrupts 


out 

dx,al ; write to CRTC index reg 


jmp 

$+2 


inc 

dx ; DX = I/O port for CRTC data reg 


in 

al,dx ; AL = register value 


sti 

; enable interrupts 


xor 

ah,ah ; AX = return value 


pop 

ret 

bp 

_GetCRTCReg 

ENDP 


_TEXT 

ENDS 



END 

LISTING 2: SETCRTCR.ASM 

; Microsoft C: 

; void SetCRTCRegt n, value ); 

; int n; /* register number */ 

; unsigned char value; /* value to store in register */ 


.TEXT SEGMENT byte public 'CODE' 



ASSUME 

cs:_TEXT 



PUBLIC 

_SetCRTCReg 


_SetCRTCReg 

PROC 

near 



push 

bp 



mov 

bp,sp 



mov 

ax,40h 

; get I/O port for CRTC index reg 


mov 

es,ax 

; from ROM BIOS data area 


mov 

dx,es:[63h] 



mov 

al, lbpH-4] 

; AL = register number 


mov 

ah,[bp+6] 

; AH = value 


out 

dx, ax 

; store register number and value 


pop 

bp 



ret 



.SetCRTCReg 

ENDP 



.TEXT 

ENDS 




END 




LISTING 3: INCSTRTA.C 


#include <conio.h> 

unsigned char SetCRTCRegt int, unsigned char ); 

mainO 

t 

int i; 

/* increment the Start Address (CRTC registers OCH and ODH) */ 


/* by 80 in each loop iteration */ 
for( i=0; i<=15; i++ ) 

C 

SetCRTCRegt OxOC, (80*i)»8 ); /* high-order byte */ 

SetCRTCRegt OxOD, (80*i)&0xFF ); /* low-order byte */ 
while( IkbhitO ); /* wait for a keypress */ 

getchO; 

> 

/* restore the screen origin to zero */ 

SetCRTCReg( OxOC, 0 ); 

SetCRTCRegC OxOD, 0 ); 

} 

LISTING 4: SCREENOR.ASM 

; Microsoft C: 


; void ScreenOrigin( x, y ; 

>; 

; int 

x, y; 

/* pixel x,y coordinates */ 

_TEXT SEGMENT byte public 'COOE* 

ASSUME 

cs:_TEXT 


PUBLIC 

_ScreenOrigin 

_ScreenOrigin PROC 

near 


push 

bp ; 

: preserve caller registers 

mov 

bp,sp 


; setup for pixel x-coordinate: 


; - determine 8 or 9 bits per pixel by examining bit 0 in 

; Sequencer Clocking Mode register 

; - compute value for Horizontal Pel Pan register 

mov 

dx,3C4h ; 

DX = port for Sequencer index reg 

mov 

al,1 


cli 


disable interrupts 

out 

dx,al ; 

select Clocking Mode reg 

jmp 

$+2 

wait for Sequencer* to respond 

inc 

dx 


in 

al,dx 


sti 


set interrupts 

and 

al,1 

isolate low-order bit 

mov 

cl,9 


sub 

cl,al ; 

CL = 8 or 9 (# of pixels/byte) 

mov 

ax,[bp+4] 

; AX = pixel x-coordinate 

div 

cl 

AH = bit offset in byte 


; 

AL = byte offset in row 

cmp 

cl,8 


je 

L01 

jump if 8 pixels/byte 

dec 

ah ; 

AH = -1, 0-7 

jns 

L01 

if AH = -1 ... 

mov 

ah,8 

... set AH = 8 

L01: mov 

cl,ah ; 

CL = Horizontal Pel Pan value 

mov 

bl, a l 


xor 

bh,bh ; 

BX = byte offset in row 

setup for pixel y-coordinate: 


- use value in CRTC 

Max Scan 

Line register to compute value 

for CRTC Preset Row Scan register 

- read CRTC Offset 

register to determine width of video buffer; 

use this to compute value for CRTC Start Address registers 

mov 

ax,40h 


mov 

es,ax ; 

ES -> video BIOS data segment 

mov 

dx,es:[63h] ; DX = port for CTRC index reg 

mov 

al ,9 

AL = Max Scan Line reg number 

cli 



out 

dx,al 
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int y; 

for( y=0; y<100; 
ScreenOrigin( 

; y++ ) 

o, y >; 

/* scroll down */ 


for( y=100; y>=( 

>; -y ) 

/* scroll up */ 

] 

► 

ScreenOrigin( 

0, y ); 


LISTING 6: SPLITSCR.ASM 


Microsoft C: 





void SplitScreen( n ); 




int 

n; /* scan line at which */ 




/* to split screen */ 


_TEXT 

SEGMENT byte public 'CODE' 


ASSUME 

cs:_TEXT 



PUBLIC 

Splitscreen 


Splitscreen PROC 

near 



push 

bp 

preserve BP 


mov 

bp,sp 



mov 

ax,40h 



mov 

es,ax ; 

ES -> video BIOS data area 


mov 

dx,es:[63h] ; DX = port for CRTC index reg 

; wait 

for vertical retrace 



add 

dl,6 

DX = 3BAH or 3DAH (status port) 

L01: 

in 

al,dx ; 

wait for end of vert, retrace 


test 

al ,8 



jnz 

L01 


L02: 

in 

al,dx ; 

wait for start of vert, retrace 


test 

al ,8 



jz 

L02 



sub 

dl,6 

DX = port for CRTC index reg 

; isolate bits 0-7, bit 

8, and bit 9 of the Line Compare value 


mov 

ax,[bp+4] 

; AX = scan line value 


mov 

bh,ah ; 

BH bits 0-1 = bits 8-9 of 



; 

Line Compare value 


mov 

bl,bh 



and 

bx,0201h 

; BH bit 1 = Line Compare bit 9 



; 

BL bit 0 = Line Compare bit 0 


mov 

cl,4 



shl 

bx,cl ; 

BH bit 5 = Line Compare bit 9 



; 

BL bit 4 = Line Compare bit 8 


shl 

bh,1 

BH bit 6 = Line Compare bit 9 

; update the CRTC registers 



mov 

ah,al ; 

AH = low-order 8 bits of value 


mov 

al,18h ; 

AL = Line Compare register number 


out 

dx,ax ; 

update Line Compare register 


mov 

al ,7 

AL = Overflow register number 


cli 




out 

dx,al 



inc 

dx 



in 

al,dx ; 

AL = current Overflow reg value 


sti 




dec 

dx 



mov 

ah,al 



and 

ah,11101111b ; AH bit 4=0 


or 

ah,bl ; 

AH bit 4 = Line Compare bit 8 


mov 

al,7 

AL = Overflow register number 


out 

dx,ax ; 

update Overflow register 


mov 

al ,9 

AL = Max Scan Line register # 


cli 




out 

dx,al 



inc 

dx 



in 

al,dx ; 

AL = current Max Scan Line value 


sti 




dec 

dx 



mov 

ah,al 



and 

ah,10111111b ; AH bit 6=0 


or 

ah,bh ; 

AH bit 6 = Line Compare bit 9 


mov 

al ,9 

AL = Max Scan Line reg number 


out 

dx,ax ; 

update Max Scan Line register 

; set 

bit 5 of the Attribute Controller Mode Control register 


mov 

ax,1007h 

; AH = lOh (int 10H function #) 



; 

AL = 7 (subfunction number) 


mov 

bl,10h ; 

BL = Mode Control reg number 


int 

lOh 

BH = Mode Control reg value 


or 

bh,20h ; 

set bit 5 


mov 

ax,1000h 

; AH = lOh 



; 

AL = 0 


mov 

bl,10h 




push 

bx 

preserve BX (byte offset in row) 


push 

dx 

preserve DX (CRTC index reg port) 


inc 

dx 



in 

al,dx ; 

AL = Max Scan Line value 


sti 




and 

ax,lFh ; 

AX = value from bits 0-4 


inc 

ax 



mov 

bx,ax 

DX = scan lines per character 


xor 

dx,dx 



mov 

ax,[bp+6] 

; AX = pixel y-coordinate 


div 

bx 

AX = character row 

DL = value for Preset Row Scan 


mov 

ch,dl 

save in CH 


mov 

bx,ax 

save character row in BX 


pop 

dx 

DX = port for CRTC index reg 


push 

dx 



mov 

al,13h 

AL = Offset reg number 


cli 


disable interrupts 


out 

dx,al 



jmp 

$+2 



inc 

dx 



in 

al,dx 

AL = Offset reg value 


sti 


enable interrupts 


xor 

ah, ah 



mul 

bx 

AX = word offset of start of row 


shl 

ax, 1 

AX = byte offset of start of row 


pop 

dx 

: DX = port for CRTC index reg 


pop 

bx 

: BX = byte offset in row 


add 

bx,ax 

: BX = buffer offset 


add 

dl ,6 

: video status port (3BAH or 3DAH) 

; update CRTC Start Address registers 

L02: 

in 

al ,dx 

; wait for vertical retrace 


test 

al,8 



jz 

L02 


L03: 

in 

al ,dx 

: wait for end of retrace 


test 

al ,8 



jnz 

L03 



cli 


disable interrupts 


sub 

dl,6 

DX = 3B4H or 3D4H 


mov 

ah,bh 

AH = Start Address High 


mov 

al ,0Ch 

AL = Start Address High reg # 


out 

dx,ax 

update this register 


mov 

ah,bl 

AH = Start Address Low 


inc 

al 

AL = Start Address Low reg # 


out 

dx,ax 

update this register 


sti 


enable interrupts 

; update CRTC Preset Row Scan and 

; Attribute Controller Horizontal Pel Pan registers 


add 

d l, 6 ; 

; DX = video status port 

L04: 

in 

al,dx ; 

; wait for vertical retrace 


test 

al ,8 



jz 

L04 



ch- 


; disable interrupts 


sub 

dl ,6 ; 

; DX = 3B4H or 3D4H 


mov 

ah,ch ; 

; AH = value for Preset Row Scan reg 


mov 

al ,8 ; 

; AL = Preset Row Scan reg number 


out 

dx,ax ; 

; update this register 


mov 

dl,0C0h ; 

; DX = 3C0h (Attribute Cont. port) 


mov 

al,13h OR 20h ; AL bit 0-4 = Hor Pan reg # 




; AL bit 5 = 1 


out 

dx,al 

write Attribute Cont. Address reg 




(The Attribute Controller 




address flip-flop has been 
reset by the IN at L04.) 


mov 

al,cl 

AL = value for Horiz Pel Pan reg 


out 

dx,al 

update this register 


sti 


re-enable interrupts 


mov 

sp,bp 



pop 

bp 



ret 



_ScreenOrigin 

ENDP 



_TEXT 

ENDS 




END 



LISTING 5: 

SCR0LLV.C 

void ScreenOrigin( int, int ); 


main() 


NOVEMBER 1988 
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PANNING AND SPLIT SCREENS 



int 

pop 

ret 

10h 

A 

; update Mode Control register 
; restore BP and exit 

_SplitScreen 

ENDP 



_TEXT 

ENDS 




END 




LISTING 7: STRIPCH.C 


#include <stdio.h> /* printfO */ 

^include <math.h> /* sin() */ 

#include <dos.h> /* int86() */ 

^define XEND 640 

#define YEND 480 

#define VPAGESIZE ((XEND/8)*YEND) 

void SplitScreen( int ); 
void ScreenOrigin( int, int ); 
void SetPixel( int, int, int, int ); 
void SetVideoMode( int ); 

union REGS regs; /* defined in DOS.H; used by int86() */ 
main() 

{ 

int i; 

int x,y; 

long iVBufOffset; 

unsigned char far * IpVBufByte; 

unsigned int far * lpCRT_LEN = (int far *)0x0040004C; 

/* select 640 by 480 16-color mode */ 

SetVideoMode( 0x12 ); 

printf( “This is 640 by 480 16-color graphics mode. 1 ' ); 

/* initialize video page 1 */ 

printf( "\nDrawing grid lines in video page 1 ..." ); 

*lpCRT_LEN = VPAGESIZE; /* update ROM BIOS variable */ 
for(IVBufOffset=VPAGESIZE;iVBufOffset<0x10000L;iVBufOffset++) 

C 

IpVBufByte = (unsigned char far *)(0xA0000000L+lVBufOffset); 
♦IpVBufByte = 0; /* zero all pixels */ 

> 

for( x=0; x<XEND; x+=40 ) /* draw vertical lines */ 

for( y=0; y<150; y++ ) 

SetPixeK x, y, 1, 2 ); /* video page 1,pixel color 2 */ 

/* split the screen */ 

SplitScreen( 0 ); 

Screer>Origin( 0, YEND ); 
printf( "\nSplitting .. " ); 
for( y=1; y<=150; y++ ) 

SplitScreen( y ); 

/* draw a sine wave and pan to left while doing so */ 

printf( "\nHorizontal Panning ..." ); 

for( i=0; i<3; i++ ) /* do this for 3 screen widths */ 

( 

for( x=1; x<=XEND; x++ ) 

C 

if( i ) /* erase previously-drawn pixel */ 

i 

y = 75 + (int)(75.0 * sin(0.03*(double)(x+(i-1)*XEND))); 
if( (x-1) % 40 ) /* use correct color for .. */ 

SetPixeK x-1, y, 1, 0 ); /* .. vertical bars */ 

else 

SetPixeK x-1, y, 1, 2 ); 

/* increment the screen origin (pan) */ 

ScreenOrigin( x, YEND ); 

/* set new pixel */ 

y = 75 + (int)(75.0 * sin( 0.03*(double)(x+i*XEND) ) ); 
SetPixeK x-1, y, 1, 7 ); 

} 

) 

/* pan vertically, just to show how it looks */ 
printf( "\nVertical Panning ..." ); 
for( i=0; i<150; i++ ) 

ScreenOrigin( 0, YEND+i ); 
for( ; i>=0; --i ) 

ScreenOrigin( 0, YEND+i ); 

/* undo the split screen */ 
printf( "\nUnsplitting .." ); 
for( y=150; y>=0; --y ) 

SplitScreen( y ); 


ScreenOrigin( 0, 0 ); 

SplitScreen( 0x3FF ); 
printf( "\nDone." ); 

} 

void SetVideoMode( mode ) 
int mode; 
t 

/* establish the specified ROM BIOS video mode */ 

regs.h.ah = 0; 

regs.h.al = mode; 

int86( 0x10, &regs, &regs ); 

> 

LISTING 8: SETPIXEL.ASM 


Microsoft C: 




void SetPixeK 

x# Y, v, n ); 



int x,y; 

/* pixel coordinates */ 



int v; 

/* video page (0 or 1) */ 



int n; 

/* pixel value */ 


Code based on routines in "Programmer's Guide to PC and PS/2 Video 
Systems" by Richard Wilton, published by Microsoft Press (1987). 


.TEXT SEGMENT byte public 'CODE' 

ASSUME 

cs:_TEXT 


PUBLIC 

_SetPixel 



SetPixel PROC 

near 


push 

bp 


mov 

bp,sp 


; compute pixel address 

in video buffer 


mov 

ax, 80 


mul 

word ptr [bp+6] 

; AX = y*(bytes per scan line) 

mov 

bx, [bp+4] 

; BX = x 

mov 

cl,bl 

; CL = low-order word of x 

shr 

bx,1 


shr 

bx, 1 


shr 

bx,1 

; BX = x/8 

add 

bx,ax 

; BX = y*(bytes per line)+x/8 

cmp 

byte ptr [bp+8],0 

je 

L01 

; jump if video page 0 

mov 

ax,40h 


mov 

es,ax 

; ES = BIOS data segment 

add 

bx,es:[4Ch] 

; add CRT_LEN for video page 1 

L01: mov 

ax,0A000h 


mov 

es,ax 

; ES:BX = byte addr of pixel 

and 

cl,7 

; CL = x & 7 

xor 

cl,7 

; CL = # of bits to shift left 

; set Graphics Controller write mode 2 


mov 

dx,3CEh 

; GC address register port 

mov 

ah, 1 

; AH = unshifted bit mask 

shl 

ah,cl 

; AH = bit mask in proper pos. 

mov 

al,8 

; AL = Bit Mask register # 

out 

dx,ax 


mov 

ax,205h 

; AL = Mode register number 

out 

dx,ax 

; AH = Write Mode 2(bits 0,1) 



; Read Mode 0 (bit 3) 

mov 

ax,0003 

; AL = Function Select reg. # 

out 

dx,ax 

; AH = read-modify-write bits 

; set the pixel value 



mov 

al,[bp+10] 

; AL = pixel value 

xchg 

al,es:[bx] 

; rd-modify-write 4 bit planes 

; restore default Graphics Controller register values 

mov 

ax,0FF08h 

; default Bit Mask 

out 

dx,ax 


mov 

ax,0005 

; default Mode register 

out 

dx,ax 


mov 

ax,0003 

; default Function Select 

out 

dx,ax 


mov 

sp,bp 

; restore stack frame & return 

pop 

bp 


ret 




SetPixel ENDP 




TEXT ENDS 



END 




Listings can be downloaded using PCTECHline, 301/740-8383. 
Parameters: 2400/1200/300 bps, no parity, 8 data bits, 1 stop bit. 


72 


PC TECH JOURNAL 











And then again, some people buy it for its high 
resolution. Or its 100% hardware compatibility. 

But whatever you buy it for, FastWrite VGA is 
guaranteed to give you VGA performance like you’ve 
never seen before. Because FastWrite VGA outperforms 
all competitive VGA boards. Pure and simple. 

You see, this powerhouse surpasses standard IBM 
VGA in both color and resolution. Which means you get 
resolution up to 800 x 600 with 16 colors, or 640 x 400 
with 256 colors. 

We even offer a 256K memory upgrade that gives 
you 640 x 480 with 256 colors and our exclusive non¬ 
interlaced 1024 x 768 with 4 colors. 

And not only is FastWrite VGA 100% register 
level compatible, it’s also the only VGA solution that’s 
form factor compatible. It has the same daughter card con¬ 


nectors as the IBM PS/2 Display Adapter, to accommodate 
hardware add-ons in the future. 

What’s more, your current VGA software—or 
any you plan to buy—is guaranteed to run on FastWrite 
VGA. Even OS/2 products. It’s backwards compatible 
with EGA, CGA, MDA and Hercules modes. So all your 
software will run faster than ever before. 

Of course once you buy, you get free technical 
support, guaranteed VGA compatibility and a full five-year 
warranty. All for a price that won’t leave you staring 
blindly into your wallet. 

So visit your local dealer and find out more about 
FastWrite VGA. 

We guarantee 
that you’ll see 
the difference. 

46335 Landing Pkwy., Fremont, CA 94538. (415) 656-7800. 
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The following are registered and unregistered trademarks of the companies listed: FastWrite VGA, Video Seven Inc.; PS/2, Display Adapter, International Business Machines Corporation; 

Variable frequency monitor required for greater than 640 x 480 resolution. Monitor capable of 48 KHz needed for 1024 x 768. Video Seven reserves the right to change specifications without notice. 









We’ve not only knocked 88 chips off the old block, we’ve surtace-mount technology, and custom chip designs, 

chopped the old block in half. As a result, it’s the only 3X It was the first emulation board to bring the full power of 

emulation board in the world with just four chips. And it has the System 3X down to your PC. It was the first to support 

the name IDEA on it because it has a better idea behind it. the original PC, the PS/2 and the AS/400. It’s the only one 

In fact, our IDEAcomm 5251 has always had better that lets you dispatch data at the blazing speeds at which 

ideas behind it. Ideas that come from a superior R&D team, today’s CPUs process it. And it’s the first to fit everything in 


The intelligence 


IDEAssociates, Inc., 29 Dunham Road, Billerica, MA 01821, (508) 663-6878, 
IDEA, IDEAssociates and IDEAcomm are registered trademarks of IDEAssociates, Inc. 


















the world of computing from laptops to desktops. 

The fact is, if we can’t add value to something through 
better technology, we won’t build it. Whether it’s a terminal, 
board or chip. 

And if you think that’s an intelligent idea, give us a call 
at 1-800-257-5027. 


IDEAssociates' 


to do things better. 


Telex 4979780; France, Hong Kong, Germany, United Kingdom. 

PS/2 and AS/400 are trademarks of International Business Machines Corporation. 
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les, 

^le 


The new capabilities 
of OS/2 — memory’ 
protection and 
dynamic linking — 
require changes 
to executable files, 
without affecting 
DOS compatibility. 



















O S/2 asks the developer for more 
than DOS does because it has 
more to do and it gives more 
back—more detailed processing and 
performance. Besides the obvious OS/2 
advantages, file-structure compatibility 
between the two environments is a big 
plus, but it means that development in 
OS/2 is more complex. New OS/2 fea¬ 
tures require major additions to the 
executable (.EXE) file structure, but 
OS/2 family mode requires that these 
changes be made such that the same 
.EXE file is acceptable to both DOS and 
OS/2. (A family-mode application is one 
that runs under either environment— 
see “Family Ties,” David A. Schmitt, 
June 1988, p. 124.) 

An OS/2 application consists of 
one or more processes that are started 
by the user or by another process. In 


the OS/2 architecture, a process is an 
entity that owns system resources, such 
as memory, files, and mechanisms of 
interprocess communication, including 
semaphores, pipes, and queues. Once 
it is running, a process obtains and re¬ 
leases these system resources dynami¬ 
cally by calling appropriate application 
program interface (API) functions. An 
.EXE file specifies the initial set of 
memory resources necessary to start 
the process. 

Under both DOS and OS/2, the 
system loader allocates physical mem¬ 
ory space, loads code and data seg¬ 
ments from the .EXE file, and adjusts 
memory references to reflect the pro¬ 
gram’s actual location. However, OS/2 
must do considerable additional work, 
as a consequence of its memory pro¬ 
tection and dynamic-linking capabilities. 


Memory protection limits the .ad¬ 
dress space of a process to only the 
segments defined in that process. A 
program references memory not by 
means of physical segment addresses, 
but indirectly through segment descrip¬ 
tor entries in the local descriptor table 
(LDT). A descriptor defines the seg¬ 
ment’s physical location, length, type, 
and privileges. (See the sidebar “How 
Protected Mode Protects” in “An Archi¬ 
tecture for the Future,” Martin Heller, 
November 1987, p. 66.) The OS/2 
loader constructs the LDT on the basis 
of information in the .EXE file. 

Dynamic linking allows a program 
to call procedures that are not part of 
the program’s .EXE file, but are loaded 
from other executable files called dy¬ 
namic link libraries (DLLs). (See 
“OS/2’s Dynamic Link,” Mary DeWolf 














.EXE FILES, OS/2 STYLE 


TABLE 1: Module Definition File Statements 


STATEMENT 

DESCRIPTION 

CODE 

Defines default attributes of code segments, such as 
readability and I/O privileges. 

DATA 

Defines default attributes of data segments, such as 
writeability and shareability. 

DESCRIPTION 

Supplies a description, which becomes the first item in the 
nonresident name table. 

EXPORTS 

Defines symbols to be exported and specifies whether 
exportation is by name or by ordinal number. 

HEAPSIZE 

Defines the amount of heap space to be added to the default 
data segment. 

IMPORTS 

Defines functions that are imported from dynamic link 
libraries (DLL). 

LIBRARY 

Specifies that the linker should produce a DLL file instead 
of a stand-alone program file. 

NAME 

Defines the module name, which becomes the first item in 
the resident name table. 

OLD 

Specifies preservation of old ordinal numbers when 
rebuilding a DLL. 

PROTMODE 

Declares that the program can be run only in OS/2 
protected mode. 

SEGMENTS 

Defines attributes of code and data segments on an 
individual basis. 

STACKSIZE 

Defines the amount of stack space to be added to the 
default data segment. 

STUB 

Specifies a DOS stub program to be used in the .EXE file. 


To build an OS/2 .EXE file, the linker needs more information than can be speci¬ 
fied in object and library files. The programmer supplies this type of additional 
information by means of these statements in a text file read by the linker. 


and Ted Mirecki, September 1988, 
p. 100.) For load-time dynamic links, 
the OS/2 loader locates the called pro¬ 
cedures, loads them if they are not al¬ 
ready resident, and adjusts the pro¬ 
gram’s call instructions to point to the 
appropriate locations within the DLL. In 
call-time dynamic linking, the OS/2 ker¬ 
nel performs these services at the call¬ 
ing program’s request. 

DEMANDING DETAILS 

OS/2 requires many details about the 
program’s structure to perform these 
functions. Such details are not neces¬ 
sary under DOS because DOS does not 
provide memory protection. DOS 
merely loads all segments of a program 
into a contiguous memory area—the 
loader needs no information about seg¬ 
ment boundaries. The bulk of a DOS 
.EXE file is simply an image of this 
area. Moreover, DOS supports only 
static linking, which means that all 
called routines are in the same .EXE 
file and their addresses are inserted at 
link time, obviating the need for infor¬ 
mation to support load-time linking. 

When the OS/2 linker processes 
object modules and libraries to con¬ 
struct the program file, it automatically 
inserts most of the information that the 


OS/2 loader requires into the .EXE file. 
In some cases, OS/2 needs information 
about a program that the object mod¬ 
ules and libraries do not contain. You 
supply this to the linker via a module 
definition file | the OS/2 linker expects 
die name of the definition file after the 
names of link-time libraries. Table 1 
lists the definition file statements. 

Because OS/2 needs so much 
more information than DOS, you might 
expect a radically different and incom¬ 
patible .EXE format. However, the need 
to support family-mode applications 
placed interesting constraints on the 
OS/2 designers as they defined the 
new, segmented executable format. The 
opposing requirements are handled by 
putting two separate programs into die 
OS/2 executable file, one for DOS and 
the other for OS/2, as shown in figure 
1. This structure is not new to OS/2 
but was developed originally for Micro¬ 
soft Windows programs. 

An OS/2 .EXE file begins with a 
DOS-formatted .EXE header (see table 
2). The first 28 bytes, offsets 0 dirough 
1BH, contain the same information as a 
standard DOS-only program file, begin¬ 
ning with the signature MZ (by his own 
admission, the initials of Mark Zbikow- 
ski, a key designer of DOS at Micro¬ 


soft). Fortunately, the original header 
design was flexible enough to allow 
die expansion necessary to accommo¬ 
date Windows and OS/2. 

Information following the header 
occurs not at fixed offsets but at loca¬ 
tions given by pointers within the 
header. For OS/2, the header is ex¬ 
panded to 64 bytes, and its last four 
words comprise a double-word pointer 
to the OS/2 portion of the file. A DOS 
relocation table, if one exists, follows 
the formatted header. A detailed de¬ 
scription of the table format and relo¬ 
cation process can be found in the 
DOS Technical Reference. 

The DOS application program fol¬ 
lows the relocation table. Its position in 
the file is given by the header size 
(from the word at offset 8) multiplied 
by 16. The length of die program 
image in the file is determined by the 
following computation: 

Program length = ((file pages - 1) * 512) 

+ last page size — (header size * 16). 

The file size encoded in the DOS 
header describes only the DOS portion 
of the file, up to die OS/2 header. If an 
OS/2 .EXE file is loaded under DOS, 
the loader is aware of only the front 
part and ignores the OS/2-formatted 
portions. In a program meant for pro- 
tected-mode execution only, the DOS 
program is a short stub generated by 
the linker. Its purpose is to exit to the 
operating system after issuing the mes¬ 
sage, “This program cannot be run in 
DOS mode.” 

Some protected-mode utilities that 
come with OS/2 1.0 issue a “Program 
too big to fit” message when you at¬ 
tempt to run them under DOS. This 
happens because early versions of the 
OS/2 linker (which were distributed 
with the first Microsoft OS/2 Software 
Development Kit) did not insert a DOS 
stub program into protected-mode .EXE 
files. Instead, these linkers wrote an 
impossibly large (1MB) memory re¬ 
quest into the word at offset OAH of 
die header. DOS cannot load such a 
program because at best only about 
half that much free memory is available 
in real mode. 

For a family-mode application, the 
DOS stub program is much more am¬ 
bitious. This program contains the in¬ 
terface routines that provide real-mode 
equivalents of family API functions and 
a stub loader that reads in the OS/2 
program and patches its API calls to 
point to the interface routines. Under 
OS/2, the DOS stub loader does not 
run; instead, the system loader links 
these calls to DLLs. 
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TABLE 2 : DOS Header Portion of OS/2 .EXE File 


OFFSET 

LENGTH 

DESCRIPTION 

00H 

2 bytes 

Signature MZ 

02H 

Word 

Bytes in last page of file 

04H 

Word 

Number of 512-byte pages 

06H 

Word 

Number of relocation items 

08H 

Word 

Header size, in paragraphs 

OAH 

Word 

Minimum additional allocation 

OCH 

Word 

Maximum additional allocation 

OEH 

Dword 

Initial SS:SP value 

12H 

Word 

Checksum of entire file 

14H 

Dword 

Initial CS:IP value (entry point) 

18H 

Word 

Offset of relocation table from start of file 

1AH 

Word 

Overlay number (0 for root overlay) 

1CH 

32 bytes 

Reserved 

3CH 

Dword 

Pointer to OS/2 .EXE header 


Although the DOS header has been extended to 64 bytes, the first 28 bytes con¬ 
tain the same information as for a DOS-only file. Except for the last 4 bytes (ig¬ 
nored by the DOS loader), this header describes only the DOS portion of the file. 
OS/2 recognizes a protected-mode file by the position of the relocation tables. 


FIGURE 1: OS/2.EXE File 



The head of the file is in DOS format, 
allowing the older operating system 
to load and run family-mode applica¬ 
tions. The latter portion, read by 
OS/2 only, contains data structures in 
support of OS/2’s enhancements: 
memory protection and dynamic link¬ 
ing. OS/2 uses the same format for 
both stand-alone programs and DLLs. 


If the beginning of an OS/2 .EXE 
file is in DOS format, how does the 
OS/2 loader distinguish between DOS- 
only and OS/2 executables? First, it 
looks at the pointer to the DOS reloca¬ 
tion table. An OS/2 file has the value 
40H, a DOS file a value less than 20H. 

If the value is 40H, the loader looks at 
offset 3CI-I of the DOS header for a 
double-word pointer to the OS/2 
header. If the pointer value is greater 
than 40H and less than the file length, 
the loader checks the target location 
for the OS/2 .EXE signature of NE — 
which stands for new executable. 

The probability that a DOS .EXE 
file passes all these tests is infinitesi¬ 
mal, but to guard against even this 
chance, the loader assumes it is han¬ 
dling a DOS file if the information fol¬ 
lowing the signature is in any way in¬ 
consistent—for example, if any point¬ 
ers point past the end of the file. The 
OS/2 header has a cyclic redundancy 
check (CRC) checksum, but the loader 
does not use it to test file integrity. 

TABLES IN TURN 

As figure 1 shows, the OS/2 portion of 
the .EXE file consists of a header, a set 
of tables, and the code and data for 
loading into the initially allocated set of 
segments. The header (see table 3 and 
figure 2) gives overall information 
about the program and the locations of ' 
the various tables in the file. (Note: 

The header layout given in Appendix E 
of the Programmer’s Reference in 
Microsoft’s OS/2 Programmer’s Toolkit 
is in error; table 3 gives the correct 
amount.) 


The complexity of this structure is 
due primarily to its support of dynamic 
linking. The tables contain information 
that allows the linker to locate and 
load the DLLs that the program calls, 
and to patch the location of those rou¬ 
tines into the call instructions. Further¬ 
more, OS/2 has the same .EXE format 
for stand-alone programs and DLLs, and 
some of the tables provide the infor¬ 
mation about the exported entry points 
that can be dynamically linked to other 
programs. 

The tables are discussed here not 
in the order they appear in the .EXE 
file but in an order that facilitates ex¬ 
plaining the purpose and function of 
each. The order as given in figure 1 is 
not guaranteed for future versions of 
OS/2, and if you need to process the 
various tables in an .EXE file, you 
should always locate them through the 
position information in the header. 
Segment table. For each code and data 
segment in the program, the segment 
table contains an eight-byte record in 
the format shown in table 4. The word 
at header offset 22H gives the location 
of the start of the table, and the word 
at offset 1CH gives the number of rec¬ 
ords. The ordinal position of each rec¬ 
ord in the table assigns a number to 
each segment: the first record identifies 
segment number 1, the second identi¬ 
fies segment number 2, and so on. 

The .EXE header and the other 
tables use these numbers to identify 
the segments in the program. For ex¬ 
ample, if the entry-point segment (in 
the word at offset 16H of the OS/2 
.EXE header) is n , then the ;?th record 
of the segment table defines the code 
segment containing the program’s entry 
point. Although the number of seg¬ 
ments is recorded in a word in the 
header, most of the other tables record 
segment numbers in a single byte, 
which results in a limit of 235 seg¬ 
ments per program. 

The OS/2 loader creates an LDT 
entry from each segment table record. 
The segment’s privilege level and size 
are established, respectively, from the 
information in words at offsets 4 and 6 
of the record. The first word gives the 
logical sector number in the .EXE file 
of the code or data to be loaded into 
the segment; if that word is zero, the 
entire segment is uninitialized. Other¬ 
wise, the loader calculates the byte off¬ 
set in the file by shifting the record 
number left by the segment alignment 
shift count in word 32H of the .EXE 
header. By default, that value is 9, indi¬ 
cating that segments begin at multiples 
of 2 9 (312 bytes). 
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TABLE 3: OS/2 .EXE Header Format 


OFFSET 

LENGTH 

DESCRIPTION 

00H 

2 bytes 

Signature NE 

02H 

2 bytes 

Version of linker that created this file 

04H 

Word 

Offset from header of entry table 

06H 

Word 

Entry table size 

08H 

Dword 

32-bit checksum of the entire file 

0CH 

Word 

Flags (see figure 2) 

0EH 

Word 

Segment number of automatic data segment 

10H 

Word 

Initial heap allocation, bytes 

12H 

Word 

Initial stack allocation, bytes 

14H 

Word 

Initial instruction pointer (IP) value 

16H 

Word 

Segment number containing entry point 

18H 

Word 

Initial stack pointer (SP) value 

1AH 

Word 

Segment number of initial stack segment 

1CH 

Word 

Number of segments in the program 

1EH 

Word 

Number of entries in module reference table 

20H 

Word 

Size, in bytes, of nonresident name table 

22H 

Word 

Offset from header of segment table 

24H 

Word 

Offset from header of resource table 

26H 

Word 

Offset from header of resident name table 

28H 

Word 

Offset from header of module reference table 

2AH 

Word 

Offset from header of imported names table 

2CH 

Dword 

Offset from start of file of nonresident names table 

30H 

Word 

Number of movable entry points 

32H 

Word 

Segment alignment shift count 

34H 

Word 

Number of entries in resource table 

36H 

10 bytes 

Reserved 


As in DOS, the .EXE header in OS/2 provides information that the loader uses to 
load the program and prepare it for execution. The greater complexity arises 
from the need to create segment descriptor tables in protected memory and to 
establish load-time dynamic links to procedures in external files. 


If bit 3 of the segment flag word 
indicates noniterated data, the loader 
simply reads into memory the number 
of bytes equal to the segment length 
on file (given by the word at offset 2 of 
the segment record). Iterated data 
specify how to initialize a segment with 
a pattern. The first word of an iterated 
segment specifies the number of itera¬ 
tions, the second gives the length of 
the pattern, and the next n bytes gives 
the pattern. For example, a 312-byte 
segment filled with the pattern 12H 
34H is represented as: 

0100 0002 12 34 

The amount of data read from the 
file or generated by iterating a pattern 
can be less than the size of the seg¬ 
ment. The difference represents an 
uninitialized portion of the segment 
that the loader sets to zeroes. Because 
such automatically zeroed data areas 
occur only at the high end of seg¬ 
ments, a programmer can improve the 
efficiency of .EXE files by coding all 
uninitialized and zero values after non¬ 
zero ones. 


Relocation. If bit 8 of the segment flag 
word indicates the segment has reloca¬ 
tion data, OS/2 finds that data immedi¬ 
ately after the segment image. Whereas 
a DOS .EXE file contains one relocation 
table, an OS/2 file has a separate relo¬ 
cation section for each segment. 

If relocation data exist, the first 
word after the segment image indicates 
the number of relocation records for 
that segment. As table 5 shows, each 
record is eight-bytes long and identifies 
two items. The first, the relocation tar¬ 
get , points to a location in this .EXE file 
that contains a reference to an external 
location whose address could not be 
established at link time. The second, 
the destination , is the location referred 
to by the target; it can be a location in 
another segment of the same program 
or a procedure in a DLL. 

A program typically contains many 
references to a particular external ad¬ 
dress. To save space, the OS/2 .EXE file 
does not need a separate relocation 
record for each such reference. In¬ 
stead, the linker chains together all the 
targets in one segment that refer to 


TABLE 4: Segment Table 


OFFSET DESCRIPTION 

00H Segment position within file 

02H Segment length in file 

(0=63,333 bytes) 

04H Flag bits: 

0: 0=code, l=data 

3: 1=iterated data (see text) 

4: 0=fixed 

1 = movable segment 
5: l=pure (sharable) 
segment 

6: 0=load on call 
1=preload 

7: 1=execute-only code or 
read-only data 

8: 1= segment has relocation 
information 

9: l=segment has debugging 
information 

10-11: descriptor privilege 
level 

12: 1=discardable segment 
13: l=32-bit segment 
14: l=part of huge segment 
06H Minimum allocation 
(size in memory) 

Each of the program’s segments is 
described by a record in the segment 
table. The loader uses this informa¬ 
tion to find the segment image in the 
file and to create a descriptor in the 
LDT of the process being loaded. 


one destination and creates one reloca¬ 
tion record pointing to the head of the 
chain. The targets are chained by plac¬ 
ing the address of the next target into 
die address field of the previous one. 
For example, suppose a code segment 
has calls to DosOpen at offsets 1C0H, 
3ABH, and 35F0H. Before relocation, 
these calls are encoded in the .EXE file 
as follows: 

at 1C0H: CALL 0000:03AC 
at 3ABH: CALL 0000:55F1 
at 55FOH: CALL 0000:FFFF 

Note diat the offset portion of each 
call address points not to the next call 
instruction but one byte farther, to the 
relocation target (the address) within 
the instruction. The relocation record 
for this chain points to 1C1H. During 
the relocation process, the loader saves 
the current contents of the address 
field, then replaces them with the ac¬ 
tual address of the entry to DosOpen. 
The saved value, if it is not FFFFH, 
points to the next target that must be 
adjusted similarly in order to point to 
die same destination. The special value 
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The flag word at offset CH of the header indicates the general characteristics of 
the program contained in the .EXE file. Many bits are unused in current versions 
of the operating system, allowing for the incorporation of future enhancements. 


TABLE 5: Relocation Records 


OFFSET 

LENGTH 

DESCRIPTION 

OH 

Byte 

RELOCATION PREFIX 

Type of relocation target: 

1H 

Byte 

2: 16-bit segment value 

3: 16-bit segment and 16-bit offset 

5: 16-bit offset 

11: 16-bit segment and 32-bit offset 

13: 32-bit offset 

Destination flag: 

2H 

Word 

0: Within this .EXE file 

1: Ordinal in a DLL 

2: Name in a DLL 

(if bit 2 is set, relocation is additive) 
Offset of relocation target in this segment 

4H 

Byte 

IF DESTINATION FLAG=0 

Segment number of destination 

3H 

Byte 

Reserved 

6H 

Word 

Destination offset 

4H 

Word 

IF DESTINATION FLAG= 1 

Module number of destination 

6H 

Word 

Ordinal of entry point in module 

4H 

Word 

IF DESTINATION FLAG=2 

Module number of destination 

6H 

Word 

Offset of name in imported name table 


Each segment carries its own relocation information. The relocation record format 
depends on the type of external reference: another segment within the same pro¬ 
gram, a DLL function called by number, or a DLL function called by name. 


FFFFH indicates the end of the chain 
and the end of processing for this relo¬ 
cation record. 

How the loader determines the 
current address of the destination de¬ 
pends on the destination type. When 
the destination is in the same .EXE file 
as the target (the flag byte is zero), the 
destination segment and offset are car¬ 
ried in the relocation record itself. If 
the target requires segment relocation 
(byte 0 of the relocation record is 2, 3, 
or 11), the loader inserts the selector 
for the destination segment number 
into the segment field of the target. If 


the target offset needs relocating (byte 
0 is 3 or 3), the loader copies the des¬ 
tination offset from the relocation rec¬ 
ord into the offset field of the target. If 
the flag byte indicates additive reloca¬ 
tion, the loader adds the values from 
the relocation record to the target ad¬ 
dress fields instead of replacing them; 
in that case, the target cannot be part 
of a linked list. 

If the destination flag is 1, the des¬ 
tination is a function in a DLL, and the 
function is identified not by its name 
but by the ordinal number of its entry 
point in the list of entry points of that 


DLL. This relocation process is illus¬ 
trated in figure 3. 

The loader uses the module num¬ 
ber from the relocation record as an 
index into the program’s module refer¬ 
ence table. There it finds an offset into 
die imported name table. From the lat¬ 
ter, it obtains an ASCII string specifying 
the name of the DLL file containing the 
destination. If this file is not already in 
memory, the loader interrupts the cur¬ 
rent relocation process to load the DLL 
and perform whatever relocation it re¬ 
quires. This is a recursive process be¬ 
cause this DLL may in turn require the 
loading of other DLLs. 

Once the DLL is loaded and 
mapped into the calling program’s LDT, 
the loader resumes the interrupted re¬ 
location process. It scans the entry 
table of the DLL to find the entry point 
whose number is specified in the call¬ 
ing program’s relocation record. The 
entry point is identified by a segment 
number within the DLL and an offset 
within that segment. 

The loader obtains the segment 
selector by referring to the DLL’s seg¬ 
ment table, and it places the selector 
and the offset into each relocation tar¬ 
get in the current chain. Note that the 
chaining of targets saves not only file 
space (one relocation record per chain 
instead of one per reference), but also 
processing time. This is because the 
loader must determine the address of 
the external entry point only once per 
chain. 

For a destination flag of 2, the des¬ 
tination is a function in a DLL, and the 
function is referenced by its name. The 
loader follows the same procedure as 
above to find the DLL. Then it uses the 
name offset from the relocation record 
as an index into the imported name 
table of the calling program. In this 
table it finds an ASCII string specifying 
the name of the called function. It 
searches for that name in the resident 
name table of the DLL; that table pro¬ 
vides an ordinal number of the func¬ 
tion’s entry point. From that point, the 
process proceeds as above. 

Debugging. The Microsoft OS/2 lan¬ 
guages support the CodeView debug¬ 
ger, which requires additional descrip¬ 
tive information in the .EXE file. For 
example, CodeView needs to know all 
the symbols within the program, even 
if they are not exported. It also must 
know the structure of the data areas 
the program uses. 

A bit in the flag word of the seg¬ 
ment table record indicates the pres¬ 
ence of debugging information for a 
segment. If present, the information 
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FIGURE 3; Dynamic Linking by Ordinal Position 



One of the major tasks undertaken by the OS/2 loader is locating dynamically 
linked procedures in external files. In one linking method, the calling program 
specifies called procedures by their position (ordinal) in the dynamic link library. 


follows the relocation data. (The format 
of this CodeView information is propri¬ 
etary to Microsoft.) 

Imported name table. This table con¬ 
tains the names of DLL modules and 
the functions within them that the .EXE 
file calls. The table forms a central re¬ 
pository for all the external names; 
encoding multiple references to names 
as offsets into this table saves consider¬ 
able space over repeating the name 
string at each reference in a relocation 
record. The linker normally produces 
items in this table when it resolves an 
external reference to an import library 
such as DOSCALLS.LIB (which contains 
the import information for the OS/2 
API functions). You also can introduce 
items directly into the table via the 
IMPORTS statement in the module defi¬ 
nition file. 


The table begins with a dummy 
byte containing 0, so that the first name 
has a nonzero offset. Each table entry 
consists of a byte containing the name 
length, followed by the name encoded 
as an ASCII string. C programmers, take 
note: the name strings are not termi¬ 
nated by null bytes. A program must 
use the length byte when manipulating 
the name. This is also true of the ASCII 
strings in the other name tables. 

The location of the table relative 
to the start of the OS/2 header is re¬ 
corded in the word at offset 2AH of 
the header. Unlike the other tables, 
however, the imported name table 
does not have a null byte as a termina¬ 
tor, and the new .EXE header does not 
give its size. 

This is not a problem during nor¬ 
mal operation because the items in the 


imported name table are accessed di¬ 
rectly by offsets in relocation records 
or obtained from the module reference 
table. However, a program that scans 
this table must locate its end by using 
the pointer to the table that follows the 
imported name table; this is the entry 
table for the moment, but that is not 
guaranteed for future versions of OS/2. 
Module reference table. This array of 
16-bit words forms a cross-reference 
between module numbers that identify 
DLLs in relocation records and offsets 
into the imported name table. The nxh 
word in the table contains a value that 
is an offset to the name of the module 
that is identified in relocation records 
as module n. 

Resident and nonresident name tables. 

Together, these two tables contain all 
public names specified to the linker in 
EXPORT statements. You can specify 
exported symbols in any .EXE file with¬ 
out incurring an error, but they are 
meaningful only when you build a DLL 
file. Both tables have the same format, 
consisting of variable-length entries. 

Each entry begins with a byte that 
contains the length of the name. Next 
comes the name encoded as an ASCII 
string, followed by a 16-bit word that 
contains the ordinal number of that 
name’s entry point in the entry table. C 
programmers should be aware that the 
name string is not terminated by a null 
byte, but a null byte does follow the 
last entry in the table. In other words, 
you have reached the end of the table 
when the length byte is 0. 

The location of the name table 
(relative to the start of the OS/2 
header) is found in the word at offset 
26H of the header. The first item in the 
resident name table is the module 
name. If the linker does not encounter 
a NAME statement in the module defi¬ 
nition file, it uses the base name of the 
.EXE file. 

For example, if the linker is build¬ 
ing a file called PROG.EXE, the default 
module name would be PROG. Be¬ 
cause the module name item is not ac¬ 
tually an entry point for the module, its 
ordinal number is 0. The remaining 
items, if any, are the symbols that are 
exported by name rather than ordinal 
number, plus the symbols exported in 
both ways. 

The nonresident name table differs 
from the other tables in that its loca¬ 
tion is given in the header in terms of 
the offset from the start of the file, not 
from the OS/2 header. Recording this 
location in a double word allows for 
the possibility of a DOS section that 
exceeds 64KB. 
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The nonresident name table con¬ 
tains a module description as its first 
item. If the linker does not encounter a 
DESCRIPTION statement in the module 
definition file, it uses the complete 
.EXE file name. For example, if the 
linker is told to build a file called 
D:\MYSTUFF\PROG.EXE, that name 
becomes the default description. As 
with the module name, this first item 
has an ordinal number of 0 because it 
does not refer to an item in the entry 
table. The remaining items in the non¬ 
resident name table are the exported 
symbols that are referenced by ordinal 
number rather than by name. 

When OS/2 loads a DLL, it keeps 
the resident name table in memory so 
that references to the DLL function 
names can be resolved quickly. As de¬ 
scribed above, the table provides a 
cross-reference between named entry 
points and their ordinal numbers. 

Given a name from a calling program, 
the loader searches this table to find 
the entry point’s ordinal position. The 
nonresident name table is not kept in 
memory—these function names are 
referenced by their ordinal numbers, 
which require only the entry table. 

Entry table. Specifying the entry points 
of all exported functions, the entry 
table consists of one or more bundles , 
each of which begins with a two-byte 
prefix (see table 6). The first byte indi¬ 
cates the number of entry points de¬ 
fined in the bundle; the second byte 
gives the bundle type. Except for a null 
bundle, a three- or six-byte record for 
each entiy point in the bundle follows 
the prefix. Two bytes containing 0 fol¬ 
low the last bundle. Because only DLLs 
typically contain exported entry points, 
in most .EXE files this table is empty, 
consisting of two 0 bytes. 

This bundled format saves file 
space, but it complicates the task of 
locating the entry table item for an 
ordinal number. Instead of using the 
ordinal number as an index into the 
table, the loader must scan through the 
bundles, counting items until it reaches 
the correct one. The entry points in 
this table are numbered from 1, not 0. 

Entry points exported by name are 
ordered automatically by the linker; the 
exports by ordinal are specified by the 
programmer in EXPORT statements in 
the module definition file. Numbers 
need not start at 1, nor do they need 
to be contiguous. Null bundles in the 
entry table serve as placeholders for 
the missing numbers. For example, if 
the lowest ordinal in a module is 12H, 
the first bundle is null and the count 
value in its first byte is 11H. 
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Of course, both boards offer downward 
compatibility through EGA, CGA, MDA and 
Hercules^ to insure your prior software in¬ 
vestments. And 132-column support provides 
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.EXE FILES, OS/2 STYLE 


TABLE 6 : Entry Records 


OFFSET 

LENGTH 

DESCRIPTION 

OH 

Byte 

BUNDLE PREFIX 

Number of entries in bundle 

1H 

Byte 

Bundle type: 

OH 

Byte 

00H: Null bundle, no records 

FFH: Movable segment records 

nnH\ Fixed segment records for segment nn 

MOVABLE SEGMENT RECORD (6 bytes) 

Flags: 1=Exported entry 

1H 

2 bytes 

2=Uses shared data segment 

Fixed value: CDH 3FH 

3H 

Byte 

Segment number containing entry point 

4H 

Word 

Offset of entry point 

OH 

Byte 

FIXED SEGMENT RECORD (1 byte) 

Flags, as above 

1H 

Word 

Offset of entry point 


The entry table lists each entry point of a dynamic link library. Entry points are 
identified by ordinal number or by position in this table. Bundling the entry 
points by segment reduces the size of the entry table but requires locating an 
entry point by scanning the table instead of using the ordinal as an index. 


Resource table. The resource table was 
introduced for Windows, and it also 
will be used for the OS/2 Presentation 
Manager. This table specifies the 
graphic resources the program re¬ 
quires, such as dialog boxes and 
menus. This table’s content and format 
are not defined for OS/2 1.0. Version 
5.01 of the OS/2 linker sets the re¬ 
source table pointer (offset 24H of the 
OS/2 header) to the address of the res¬ 
ident name table. However, the word at 
offset 34H gives the number of re- 
source-table entries; a zero value here 
indicates that the table is absent. 


READING A HEADER 

The quickest—but not the easiest—way 
to examine an OS/2 .EXE file is with a 
binary editor or debugger (you must 
rename an .EXE file to examine its 
header with a debugger). An easier way 
is to use a program (such as listing 1, 
SHOWEXE.C) that formats and prints . 
out the headers from both DOS and 
OS/2 executable files and the various 
tables from the latter. SHOWEXE.C can 
be compiled with either the Lattice C 
or Microsoft C OS/2 compilers; binding 
it into a family-mode program allows it 
to run under either DOS or OS/2. Its 


output goes to the standard output de¬ 
vice, so you can redirect it easily to a 
printer or file. If it is not redirected, 
the screen display pauses after proces¬ 
sing each section of the file. 

An example of a practical applica¬ 
tion that needs to process an .EXE file 
header is a benchmarking program that 
examines the segment table and re¬ 
ports the true memory requirement of 
the program in that .EXE file. Although 
larger programs usually have larger 
.EXE files, it is no longer accurate to 
judge the memory efficiency of differ¬ 
ent compilers or languages by simply 
comparing the .EXE sizes that they pro¬ 
duce. You could adapt the section of 
SHOWEXE.C that prints out the seg¬ 
ment table for this purpose; similarly, 
you could extract other parts of interest 
instead of using the whole program. 

The OS/2 segmented executable 
file format is an extension of the DOS 
.EXE format, and it has been used in 
Microsoft Windows for several years. It 
has evolved to support OS/2 protected 
mode and DLLs. The new .EXE format 
also includes several features quite 
obviously intended for future versions 
of OS/2, including a resource table for 
Presentation Manager and embryonic 
support of the 32-bit capabilities of¬ 
fered by the 80386. Fortunately, as with 
the DOS version, the OS/2 .EXE format 
has been designed for easy incorpora¬ 
tion of future enhancements. 1 »"& 


David A. Schmitt is president of Lattice Inc., 
a subsidiary> of SAS Institute. Schmitt has re¬ 
cently directed the adaptation of the entire 
Lattice C library’ to OS/2. 


LISTING 1: SHOWEXE.C 


unsigned short e_cparhdr; /* paragraphs in header */ 

unsigned short ejninalloc; /* minimum extra paragraphs */ 

unsigned short e_maxalloc; /* maximum extra paragraphs */ 

/* 


unsigned short e_ss; /* initial SS value */ 

* SHOWEXE displays information about the EXE file named on the 


unsigned short e_sp; /* initial SP value */ 

* command line. It can handle both the DOS and the OS/2 formats. 


unsigned short e_csum; /* checksum */ 

* If output is not redirected, it pauses after each section. 


unsigned short e_ip; 1 * initial IP value */ 

* Written by David A. Schmitt. 


unsigned short e_cs; /* initial CS value */ 

*/ 


unsigned short e_lfarlc; /* file address of reloc table */ 

^include <stdio.h> 


unsigned short e_ovno; /* overlay number */ 

extern far pascal VioScrollUpO; 


unsigned short e_res1[4]; /* reserved */ 

extern far pascal VioWrtCharStrO; 


unsigned short e_oemid; /* OEM identifier */ 

extern far pascal VioWrtNAttrO; 


unsigned short e_oeminfo; /* OEM information */ 

extern char *malloc(); 


unsigned short e_res2[103; /* reserved */ 



unsigned long e_lfanew; /* file address of new header */ 

extern void pauseO; 


>; 

extern void cls(); 


y** 

/** 


* 

★ 


* Structure of DOS relocation items 

* Old executable header, used by DOS 

* 


* 

*/ 

V 


struct REL 

struct EXE_D0S 


C 

< 


unsigned short offset; 

unsigned short e_magic; 1 * magic number 0x5A4D */ 


unsigned short segment; 

unsigned short e_cblp; /* bytes in last page */ 


>; 

unsigned short e_cp; /* 512-byte pages in file */ 


/**/ 

unsigned short e_crlc; /* number of relocations */ 


/** 
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.EXE FILES, OS/2 STYLE 



★ 

* New executable header, used by OS/2 

* 


^define NSHUGE 0x4000 /* huge memory segment */ 

/**/ 

/** 



*/ 


* 



struct EXE_OS2 

C 


* name main -- main program 

* 



unsigned short ne_magic; /* magic number 0x454E */ 


* synopsis main(argc,argv) 



unsigned char ne_ver; /* version number */ 


* int argc; number of arguments 



unsigned char ne_rev; /* revision number */ 


* char *argv[]; argument pointer array 



unsigned short ne_enttab; /* offset of entry table*/ 


* 



unsigned short ne_cbenttab; /* # of bytes in entry table*/ 


* description: 



long ne_crc; /* checksum */ 


* This is the main program that displays EXE file information. 



unsigned short ne_flags; /* miscellaneous flags */ 


* Upon entry, argc should be 2, and argv[1] should point to 



unsigned short ne_autodata; /* auto data segment number */ 


* the EXE file name, which must include the .EXE extension. 



unsigned short ne_heap; /* initial heap allocation */ 


* 



unsigned short ne_stack; /* initial stack allocation */ 


* The program sends its output to stdout, which can be 



unsigned short ne_ip; /* initial IP offset */ 


* redirected to somewhere other than the system console. 



unsigned short ne_cs; /* initial CS segment number*/ 


* Error output is sent to stderr, and when an error occurs 



unsigned short ne_sp; /* initial SP offset */ 


* the program exits with a completion code of 1. 



unsigned short ne_ss; /* initial SS segment number*/ 


**/ 



unsigned short ne cseg; /* number of segments */ 


main(argc.argv) 



unsigned short ne_cmod; /* number of module references */ 


int argc; 



unsigned short r»e_cbnrestab; /* size of non-resident names*/ 


char *argv[]; 



unsigned short ne segtab; /* segment table offset */ 


< 



unsigned short ne_rsrctab; /* resource table offset */ 


FILE *fp; 



unsigned short ne_restab; /* resident name table offset */ 


unsigned char *p; 



unsigned short ne modtab; /* module reference table offset*/ 


int i,j,k; 



unsigned short ne_imptab; /* import name table offset */ 


union 



unsigned long ne_nrestab; /* non-resident name tab offset */ 


C 



unsigned short ne_cmovent; /* number of movable entries */ 


short w; 



unsigned short ne_align; /* segment alignment shift count*/ 


char b[2] ; 



unsigned short ne_cres; /* number of resource entries */ 


> word; 



char resvClO]; /* reserved */ 


struct EXE_D0S oldexe; 



>; 


struct REL rel; 



/** 


struct EXE_OS2 newexe; 



* 


struct SEG seg; 



* Definition of bits in ne_flags 


char b[2563; 



* 


/* 



V 


* 



#define NENOTP 0x8000 /* not a process */ 


* Check file argument, open file, and read old EXE header 



^define NEIERR 0x2000 /* errors in image */ 


* 



#define NEFLTP 0x0080 /* floating point instructions */ 


*/ 



#define NEI386 0x0040 /* 80386 instructions */ 


ifCargc < 2) 



#define NEI286 0x0020 /* 80286 instructions */ 


i 



#define NEI086 0x0010 /* 8086 instructions */ 


fprintf(stderr,"No EXE file specified\n"); 



#define NEPROT 0x0008 /* protected mode only */ 


exit(l); 



tfdefine NEPPLI 0x0004 /* per-process library initialization*/ 


> 



#define NEINST 0x0002 /* per-instance data */ 


fp = fopen(argv[l3,"rb n ); 



^define NESOLO 0x0001 /* solo data */ 


if(fp == NULL) 



/*★ 


{ 



* 


fprintf(stderr,"Can't open \"Xs\"\n",argv[l3 ); 



* Structure of segment table entries 


exit(1); 

*v 



*/ 


J 

if(fread((char *)(&oldexe),sizeof(struct EXE_DOS),1,fp) != 1) 



struct SEG 


C 



i 


fprintf(stderr,"Can't read \"%s\"\n",argv[13 ); 



unsigned short ns_sector; /* starting sector */ 


exit(1); 



unsigned short ns_cbseg; /* segment size (in file)*/ 


> 



unsigned short ns_flags; /* segment flags */ 


if(oldexe.e_magic != 0x5a4d) 



unsigned short nsjninalloc; /* minimum size in bytes*/ 


( 



}; 


fprintf(stderr,"\"Xs\" is not an EXE file\n",argv[13); 



,** 

* 


exit(1); 

> 



* Definition of bits in ns_flags 


/* 



V 


* Print DOS header information 



#def i ne NSTYPE 0x0007 /* segment type mask, types are... */ 


* 



#define NSCODE 0 /* 0 for code segment */ 


*/ 



#def i ne NSDATA 1 /* 1 for data segment */ 


cls(); 



#define NSITER 0x0008 /* iterated segment */ 


printf("DOS EXE header information for \"Xs\"...\n\n",argv[1) ); 



^define NSMOVE 0x0010 /* movable segment */ 


printf("X40s: Xu\n","Number of bytes in header",oldexe.e_cparhdr*16); 



#define NSPURE 0x0020 /* pure segment */ 


printf("%40s: Xu\n","Number of 512-byte pages",oldexe.e_cp); 



#def i ne NSPRELOAD 0x0040 /* preloaded segment */ 


printf("%40s: Xu\n","Number of bytes in last page",oldexe.e_cblp); 



^define NSEXRD 0x0080 /* code segment: execute only*/ 


pr i nt f ( "%40s : %04XH\n","Checksum",oldexe.e_csum) ; 



/* data segment: read only */ 


printf("%40s: X04XH\n","Minimum number of extra paragraphs". 



#define NSRELOC 0x0100 /* relocation information present */ 


oldexe.e_minalloc); 



#define NSCONFORM 0x0200 /* conforming segment */ 


printf("X40s: X04XH\n","Maximum number of extra paragraphs". 



tfdefine NSDPL OxOcOO /* 80286 DPI bits */ 


oldexe.e_maxalloc); 



^define SHIFTDPL 10 /* shift factor for NSDPL */ 


printf("X40s: X04X:X04X\n","Starting address",oldexe.e_cs. 



#define NSDISCARD 0x1000 /* discardable segment */ 


oldexe.e_ip); 



#define NS32BIT 0x2000 /* 32-bit segment */ 


printf("X40s: X04X:X04X\n","Stack address",oldexe.e_ss. 
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oldexe.e_sp); 


printf("\n\r>0S/2 EXE header information at %04XH...\n\n". 



printf("%40s: %u\n","Overlay number",oldexe.e_ovno); 


oldexe.e_lfanew); 



printf("%40s: %04XH\n»,»OEM identifier",oldexe.e_oemid); 


if(fseek(fp,(long)oldexe.e_lfanew,0)) 



printf("%40s: %04XH\n","OEM information",oldexe.e_oeminfo); 


L 



printf("%40s: %u\n","Number of relocations",oldexe.e_crlc); 


fprintf(stderr,"Can't seek to %04XH in \"Xs\"\n", 



/* 


oldexe.e_lfanew,argv[1]); 



* 


exit(1); 



* Print DOS relocation table 


> 



* 


if(fread((char *)(&newexe),sizeof(struct EXE_0S2),1,fp) != 1) 



*/ 


C 



if(oldexe.e_crlc) 


fprintf(stderr,"Can't read \"Xs\"\n",argv[1]); 



C 


exit(1); 



pause(fp); 


> 



printf("\n\nRelocation table at file offset %04XH...\n", 


if(newexe.ne_magic != 0x454e) 



oldexe.e_lfarlc); 





if(fseek(fp,(long)oldexe.e_lfarlc,0>) 


fprintf(stderr,"\"Xs\" is not an OS/2 EXE file\n",argv[1]); 





exit(1); 



fprintf(stderr,"Can't seek to %04XH in \"%s\"\n", 


} 



oldexe.e_lfarlc,argv[1]); 


/* 



exit(1); 


* 



> 


* Print basic information from new EXE header 



for(i =1; i <= oldexe.e_crlc; i++) 


* 

*/ 



if(fread((char *)(&rel),sizeof(struct REl),1,fp) != 1) 


/ 

printf("%40s: %08lXH\n","Checksum",newexe.ne_crc); 



t 


printf("X40s: %u\n","Version number",newexe.ne_ver); 



fprintf(stderr,"Can't read \"%s\"\n",argv[1]); 


printf("%40s: %u\n","Revision number",newexe.ne_rev); 



exit(1); 


printf("%40s: %u\n","Number of segments",newexe.ne_cseg); 



> 


printf("%40s: %04X:%04X\n","Starting address". 



pr intf("%04X:%04X ", rel.segment,rel.offset); 


newexe.ne_cs,newexe.ne_i p); 



if«i % 6) == 0) printf("\n"); 


printf("%40s: %04X:%04X\n","Stack address",newexe.ne_ss,newexe.ne_sp); 



> 


printf("%40s: %u\n","Automatic data segment number". 



> 


newexe.ne_autodata); 



/* 


printf("%40s: %04XH\n","Initial heap allocation in auto data". 



* 


newexe.ne_heap); 



* Check if OS/2 executable, and terminate if not. 


printf("%40s: %04XH\n","Initial stack allocation in auto data". 



* Otherwise, read in the OS/2 header. 


newexe.ne_s tack); 



* 


print f("%40s: %04XH\n","Flags",newexe.ne_flags); 



*/ 


printf("%40s? %s\n","Program or library". 



if(oldexe.e_lfanew == 0) exit(0); 


(newexe.ne_flags & NENOTP) ? "LIBRARY" : "PROGRAM"); 



pause(); 


printf("%40s? %s\n","Errors in image". 
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(newexe.ne_flags & NEIERR) ? "YES" : "NO"); 
printf("%40s? %s\n","Floating point instructions", 
(newexe.ne_flags & NEFLTP) ? "YES" : "NO"); 
printf("%40s? Xs\n","80386 instructions", 

(newexe.ne_flags & NEI386) ? "YES" : "NO"); 
printf("%40s? %s\n","80286 instructions", 
(newexe.ne_flags & NEI286) ? "YES" : "NO"); 
printf("%40s? %s\n","8086 instructions", 

(newexe.ne_flags & NEI086) ? "YES" : »NO»); 
printf("%40s? %s\n","Protected mode only", 
(newexe.ne_flags & NEPROT) ? "YES" : "NO"); 
printf("%40s? %s\n","Per-process initialization", 
(newexe.ne_flags & NEPPLI) ? "YES" : "NO"); 
printf("%40s? %s\n","Per-instance data", 

(newexe.ne_flags & NEINST) ? "YES" : "NO"); 
printf("%40s? %s\n","Solo data", 

(newexe.ne_flags & NESOLO) ? "YES" : "NO"); 
pauseO; 

/* 

* 

* Print segment table 


printf("\n\nSegment table at X081XH (X081XH + X04XH)...\n\n", 
(long)(oldexe.e_lfanew+newexe.ne_segtab), 
oldexe.e_lfanew,newexe.ne_segtab); 
printf(" FILE FILE HEMORY\n"); 

printf("SEG ADDR SIZE FLAGS SIZE\n\n»); 
if(fseek(fp,(long)(oldexe.e_lfanew + newexe.ne_segtab),0)) 

L 

fprintf(stderr,"Can't seek to X081XH in \"Xs\"\n", 

Clong)(oldexe.e_lfanew+newexe.ne_segtab),argv[1]); 
exit(1); 

> 

for(i =1; i <= newexe.ne_cseg; i++) 

C 

if(fread((char *)(&seg),sizeof(struct SEG),1,fp) != 1) 

T 

fprintf(stderr,"Can't read \"Xs\"\n",argv[1]); 
exit(1); 
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> 

printf("%3d %04X %04X %04X X04X Xs\n»,i, 

seg.ns_sec tor,seg.ns_cbseg,seg.ns_flags,seg.ns_mina11oc, 
(seg.ns_flags & NSTYPE) ? "Data" : "Code"); 

} 

pauseO; 

/* 

* 

* Print imported name table 

* 

*/ 

if(newexe.ne_imptab) 

i 

printf("\n\n"); 

printfC'Imported Name Table at X081XH (%08lXH + X04XH)...\n\n", 

(long)(oldexe.e_lfanew+newexe.ne_imptab), 
oldexe.e_lfanew,newexe.ne_imptab); 
if(fseek(fp,(long)(oldexe.e_lfanew + newexe.ne_imptab + 1),0)) 

C 

fprintf(stderr,"Can't seek to X081XH in \"%s\"\n", 

(long)(oldexe.e_lfanew+newexe.ne_impt ab + 1),argv[1]); 
exit(1); 

> 

printf("INDEX NAME\n»); 
printf (".\n"); 

for(i = newexe.ne_imptab+1; i < newexe.ne_enttab; i += j+1) 

r 

j = fgetc(fp); 
if(j == EOF) 

fprintf(stderr,"Can't read \"Xs\"\n",argv[1]); 
exit(1); 

> 

if(j == 0) break; 
if(fread(b,j,1,fp) != 1) 

( 

fprintf(stderr,"Can't read \"Xs\"\n",argv[1)); 
exit(1); 

> 

b[j] = 1 \0 1 ; 

printfC %04x Xs\n",(i-newexe.ne_imptab),b); 

> 

pauseO; 

> 

/* 

* 

* Print Module Reference Table 

* 

*/ 

if(newexe.ne_cmod) 

( 

printf("\n\n"); 

printf("Module Reference Table at X081XH (%08lXH + %04XH)...\n\n", 
(long)(oldexe.e_lfanew+newexe.nejnodtab), 
oIdexe.e_lfanew,newexe.ne_modtab); 
if(fseek(fp,(long)(oldexe.e_lfanew + newexe.nejnodtab),0)) 

fprintf(stderr,"Can't seek to X081XH in \"Xs\"\n", 

(long)(oIdexe.e_lfanew+newexe.nejnodtab),argv[1)); 
exit(1); 

> 

printf("MODULE INDEX\n»); 

printfC.\n"); 

for(i =1; i <= newexe.ne_cmod; i++) 

C 

if(fread((char *)(&j),2,1,fp) != 1) 

< 

fprintf(stderr,"Can't read \"Xs\"\n",argv[1]); 
exit(l); 

> 

printfC %04X . %04X\n",i,j); 

) __ 

pauseO; 

> 

/* 

* 

* Print Resident Name Table 

* 

V 

if(newexe.ne_res tab) 

C 
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The Great 
Pretender. 


Did you know 
that many of the 
world’s most suc¬ 
cessful software 
publishers have 
been faking it for 
years? 

That’s right Lotus? 
Ashton-Tate? Word¬ 
Perfect? Symantec? 

—yes, even Peter 
Norton Computing. 

We’ve all been using 
Dan Bricklin’s™ Demo 
II Program to concoct 
the world’s most con¬ 
vincing prototypes, 
demos and tutorials. 

The next best thing 
to being ware. 

Now published by - 
Norton Computing, 

Demo Diets you l_. 
slideshows on 
that mimic the appearand 
of an actual running pro¬ 
gram, complete with menus, 
screen images, even grinding 
disk drives. 

It’s so realistic that, if you 
didn’t know better, you’d bet 
your ASCD you were seeing 
the genuine article. 

You can create text screens 
with all 256 characters and 
attributes, including the 


You can capture text or 
bit-mapped graphics images 
from other programs. 

You can use the overlay 
facility to merge elements 
from existing slides into new 
ones, or to create special 
effects. 

You can duplicate any user 
interface, from the pull-down 
menu to the Lotus light-bar. 


(Not to mention 
the one you just 
thought of) 

You can take 
advantage of over 100 
run actions to control 
the sequence of 
slides, respond to 
keystrokes, produce 
sounds and a whole 
lot more. 

And you can run 
off copies of the run¬ 
time until you run out 
of floppies. 

A picture is worth 
a thousand lines. 

With Demo D at your 
disposal, you can 
conceptualize your 
programs, describe them to 
others, refine the functionality 
and interface and teach users 
how to get the best results 
from your end result 

Without writing a single 
line of code. 

Which means that when 
you do get around to writing if 
you’ll only have to write it once. 

Or you’ll only have yourself 
to blame. 

'Petir bfutiMu- 

COMPUTING 


Designed for the IBM k PS/2 H and PC families and 100% compatibles. Available at most software dealers or direct from Peter Norton Computing, Inc., 
2210 Wilshirc Blvd. #186, Santa Monica, CA 90403 213-319-2000. Visa and MasterCard welcome.©1988 Peter Norton Computing, Inc. 
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.EXE FILES, OS/2 STYLE 


printf("\n\n"); 


< 

printf("Resident Name Table at %081XH (%08lXH + %04XH)...\n\n", 


fprintf(stderr,"Out of memory\n"); 

(long)(oldexe.e_lfanew+newexe.ne_res tab), 


exit(1); 

o ldexe.e_lfanew,newexe.ne_res tab); 


> 

if(fseek(fp,(long)(oldexe.e_lfanew + newexe.ne_restab),0)) 

C 


if(fread(p,newexe.ne_cbenttab,1,fp) != 1) 

C 

fprintf(stderr,"Can 1 t seek to %08lXH in \"%sV'\n'', 


fprintf(stderr,"Can't read \"%s\"\n",argv[1]); 

(long)(oldexe.e_lfanew+newexe.ne_restab),argv[1]); 


exit(1); 

exitd); 


) 



printf("SEG OFFSET FLAGS\n"); 

printf("ORDINAL NAHE\n»); 


printfC'.\n"); 

printf (".\n"); 


for(i = 0; i < newexe.ne_cbenttab; ) 

whiled* = fgetc(fp)) 


C 

C 


] = pli++3; 

if((i == EOF) || (fread(b,i,1,fp) != D) 


k = p[i++3; 

L 


if(k) while(j- > 0) 

fprintf(stderr,"Can't read \"%s\"\n",argv[1]); 


< 

exit(l); 


if(k != 255) 

> 

bti] = 1 \0'; 


i 

word.btO] = p[i+1]; 

if(fread((char *)(&j),2,1,fp) != 1) 


word.bll] = p[i+2]; 

i 


printf("53d %04X 5C02X\n»,k,word.w,p[i] ); 

fprintf(stderr,"Can't read \"%s\"\n",argv[1]); 


i += 3; 

exit(l); 


} 

> 


else 

printfC %04X %s\n”,j # b); 



> 


word.btO] = pti+43; 

paused; 


word.bti] = pti+5]; 

> 


printf("%3d X04X 5(02X\n»,pti+3] ,word.w,pti] ); 

/* 


i += 6; 

* 


> 

* Print Non-resident Name Table 

* 


} 

*/ 

i f(newexe.ne_nrestab) 


> 

> 

< 


/**/ 

printf("\n\nNon-resident Name Table at %081XH...\n\n". 


/** 

newexe.ne_nrestab); 


* 

if(fseek(fp,newexe.ne_nrestab,0)) 


* name pause 

i 


* 

fprintf(stderr,"Can't seek to %081XH in \"Xs\"\n", 


* synopsis paused; 

newexe.ne_nrestab,argv[1]); 


* 

exit(1); 


* description This fmetion checks if the standard output file 

> 

printf("ORDINAL NAME\n"); 


* is the system console. If so, it displays a pause message 

* and then waits until the user presses a key. 

printfC.\n"); 


* 

whiled* = fgetc(fp)) 


**/ 

C 


void paused 

if((i == EOF) || (fread(b,i,1/fp) 1= D) 


{ 



char reverse = 0x70; 

fprintf(stderr,"Can't read \"%s\»\n",argv[1]); 


static char prompt□ = "Press any key to continue"; 

exit(1); 

> 


if(isatty(fileno(stdout))) 

b[i] = ' \0 *; 


C __ 

if(fread((char *)(&j),2,1,fp) != 1) 


VioWrtNAttr((char far *)(&reverse),80,24,0,0); 



VioWrtCharStr((char far *)prompt,sizeof(prompt)-1,24,0,0); 

fprintf(stderr,"Can't read \"5te\"\n",argv[1] ); 


getchd; 

exit(1); 

) 


cls(); 

printfC %04X %s\n»,j,b); 


> 

> 

> 


/** 

paused; 


* 

> 


* name els -- clear the screen 

/* 


* 

* 


* synopsis cls(); 

* Print entry table 


it 

* 


* description This function clears the screen by calling the 

*/ 


* VioScrollUp function in a special way. However, 

if(newexe.ne_cbenttab) 


* it has not be generalized to work with display 

i 


* modes using more than 25 lines of 80 characters each. 

printf("\n\nEntry table at X081XH (%08lXH + X04XH)...\n\n". 


* 

(long)(oIdexe.e_lfanew+newexe.ne_ent tab), 


*V 

oldexe.e_lfanew,newexe.ne_enttab); 


void clsO 

if(fseek(fp,(long)(oIdexe.e_lfanew + newexe.ne_enttab),0)) 


C 

C 


short fill = 0x0720; 

fprintf(stderr,"Can't seek to %08lXH in \"Xs\"\n", 



(long)(oldexe.e_lfanew+newexe.ne_ent tab),a rgv[13); 


VioScrollUp(0,0,24,79,-1,(short far *)(&fill),0); 

exit(1); 


) 

> 



p = malloc(newexe.ne_cbenttab); 
if(p == NULL) 


Listings can be doumloaded using PCTECHline, 301/740-8383. 
Parameters: 2400/1200/300 bps, no parity, 8 data bits, 1 stop bit. 
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How to match the best front end 
with the best back end. 



You’ve invested in the best hardware, 
operating system and database products. 
You have a staff of programmers ready to 
go. But to build great looking applica¬ 
tions with the sophisticated features 
today’s users demand, you need a power¬ 
ful front end development tool—JAM™ 

1 user interface 
management 
system on the 
market, does 
it all—from 
prototyping to 
implementation. 
And, because 
it works with 
any database 
or file manager, you get the best front 
end and the best back end. 

JAM is hardware independent, so it 
isn’t limited to one computer, database or 
operating system. In fact, JAM runs on 
everything from PC’s to super-minis, 
works under 7 operating systems and 
provides access to a host of database 
products. Using JAM you can create a 
consistent user interface across multiple 
systems and hardware platforms. 


JAM, the most advance 



Create colorful screens and 
nested windows easily. 


^ JAM works under the following operating systems: 

• UNIX® • VMS® • RMX™ 

• MS-DOS® • XENIX® • VOS™ 

•AOS/VS™ ^ 

JAM makes it easier than ever to design 
and revise complex applications. Using 
features like context-sensitive help, proce¬ 
dural command language (JPL), shifting 
and scrolling fields, extensive data valida¬ 
tions, on-line testing, and a variety of 
visual attributes, you’ll be amazed how 
quickly your applications spring to life. 

JAM is fast, as well as flexible. Develop¬ 
ment time is reduced significantly thanks 
to JAM’s powerful screen drawing utili¬ 
ties and comprehensive library of sub¬ 
routines. You can easily create and link 
together screens, windows, and menus to 
develop an application shell. Then simply 
attach the processing routines, and your 
application is complete. 



Plus, if your back end is an SQL-com¬ 
patible relational database like Oracle® 
SQLbase,® Informix® or Britton Lee™ 
you’ll really appreciate JAM/DBz, 
JAM’s optional database interface. With 
JAM/DBz, you can develop entire appli¬ 
cations using only industry-standard 
SQL state¬ 
ments and 
JAM’s author¬ 
ing tools. 

So if you’re 
programming 
in a 3GL 
like C or Use SQL to retrieve 

FORTRAN and dis P la y data - 

follow the lead of the many Fortune 1000 
companies who have already discovered 
JAM. 

JAM from JYACC. It gives you the 
best at both ends. 

Call for more information about 
JAM and our 
demo diskette. O U L 
JYACC, Inc. 

116 John Street 
New York, NY 10038 
212-267-7722 FAX No. 212-608-6753 




JYACC Application Manager. The Composerfor Sophisticated Applications. 
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si*kur,' a. [L. securus]: The ability to shelter your 
confidential data and your whole personal computing 
environment away from prying eyes , meddling associates 
and criminal intent. 


Securing your personal computer files has 
been, until now, a mostly complicated and 
unreliable matter. Not any more. 

As incredible as it may sound, now there is a 
simple and economical way to solve all your data 
security problems. It’s 
called Personal Data Pac 
technology. From Tandon. 

This innovative tech¬ 
nology consists of a 
portable, small and rugged 
30MB Winchester disk 
pack, the Personal Data 
Pac, and an external drive 
receptacle, the Ad-PAC. 

The total package costs 
less than $1000. 

When you equip your 
PC with our Personal Data 
Pac technology, data safety 
and security problems 
become a thing of the past. Instantly. You simply 
eject the Personal Data Pac, containing all 
your data files, and lock it away in your desk 
or your safe. 

Installation of the Ad-PAC is as simple as 
plugging the controller card into an expansion 
slot of any AT-compatible workstation and 
connecting the cable. The Personal Data Pac can 
then be inserted and removed as easily as a 
VCR cassette. 

But removability doesn’t mean loss of reliability 
or efficiency. The Personal Data Pac performs 
exactly like a fixed Winchester with an effective 
access time of 40 milliseconds. According to recent 


tests, this represents the fastest data throughput 
of any removable mass storage available today. 

The Tandon Ad-PAC will also secure you from 
the disasters of fixed disk failure and at the 
same time eliminate the need for inconvenient 
and slow back-up systems. 
A full 30MB of programs 
and files can be trans¬ 
ferred from Data Pac to 
Data Pac in less than 
three minutes. So when 
disaster strikes, insert the 
back-up Data Pac and it's 
business as before. 

Tandon’s simple solu¬ 
tion to the complexities 
of data security is also 
available in a complete and 
powerful system, the 
Tandon Pac 286. This com¬ 
pact, fully AT-compatible 
workstation offers high-performance computing 
and the increased versatility, capacity and 
convenience of two built-in Data Pac receptacles. 

So, don't call a high-priced security con¬ 
sultant. See your local Tandon dealer for a more 
sensible solution, or call us at 1 - 800 - 556 - 1234 , 
Ext. 171 (in California 1 - 800 - 441 - 2345 , Ext. 171). 



We're redefining 

personal computing. 



GSA# GSOOK87AGS6049 OPT1 

Pricing and information correct at presstime. Tandon reserves the right to vary prices and specifications 
at any time without notice. Tandon is a trademark of Tandon Corporation. 

CIRCLE NO. 156 ON READER SERVICE CARD 

































Fiber optics, capable of massive bandwidth, 
high speed, and long distance, may be the future 
for network connections. An evolving 
ANSI standard and commei r cial implementations 
signal the onset of this new technology. 


ALANC. WU 


I n the raging, unsettled, unstan¬ 
dardized LAN industry, the impend¬ 
ing proliferation of yet another 
technology may not be received with 
much favor—unless it’s fiber optics. 

The allure is obvious: the potential for 
incredibly high bandwidths, combining 
voice, data, and even video communi¬ 
cations on a single, thin, strong, electri¬ 
cally nonconductive medium. 

Until recently, LAN administrators 
had good grounds for not widely em¬ 
bracing fiber optics. The components 
were expensive; trained technicians 
were few; the installed base of LANs 
was built principally on copper-based 
coaxial cable and twisted-pair wire; the 
technology was unfamiliar; and no 
clear standard for fiber-optic communi¬ 
cations was established. 

Such hindrances, though, are fad¬ 
ing rapidly. Optical-fiber LANs are avail¬ 
able today in standard topologies— 
Ethernet, Arcnet, token-ring. Costs for 
existing topologies are within reason¬ 
able range of more traditional ones, 


and, although scarce, trained techni¬ 
cians can be found. Most importantly, a 
standard for this technology—called 
the Fiber Distributed Data Interface 
(FDDI)—has been proposed by ANSI 
committee X.3T9.5, which includes rep¬ 
resentatives from IBM, AT&T, DEC, 
NASA, and the U.S. Navy. This standard 
carries with it the promisor wide ac¬ 
ceptance for optical fiber m the LAN 
marketplace. 

FDDI is a descendant of the IEEE 
802.5 token-ring protocol; it is the only 
standard developed for a high-perfor¬ 
mance, general-purpose, fiber-optic 
LAN. It specifies a 100-megabits per 
second (Mbps), fiber-optic, token-ring 
architecture that supports 1,000 nodes 
with 2 kilometers (km) between adja¬ 
cent nodes and a 200-km ring circum¬ 
ference. The FDDI specification sets no 
lower limits on the number of nodes 
or the distances between them. 

Some companies that market 
fiber-optic LANs have said they will 
upgrade their products to FDDI com¬ 


pliance once the standard is fully 
adopted; one firm, Fibronics Interna¬ 
tional, already markets an implementa¬ 
tion of the all-but-complete standard. 
Fiber optics can be implemented in a 
network under several topologies, al¬ 
though each topology carries advan¬ 
tages and disadvantages. 

With its high data rate, FDDI can 
be implemented for both back-end net¬ 
works—connecting host mainframes 
with storage devices—and front-end 
networks—connecting PCs and periph¬ 
erals. It supports high-speed engineer¬ 
ing workstations and graphics termi¬ 
nals. LAN designers also can apply 
FDDI in backbone networks to support 
low-speed IEEE 802 LANs. Its determin¬ 
istic timed token protocol guarantees 
channel access. FDDI also accommo¬ 
dates traffic from distributed private 
branch exchanges (PBXs). Figure 1 
shows a sample FDDI configuration. 

Fiber optics has long been used in 
telecommunications networks to sup¬ 
plant coaxial cable as the medium for 
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FIGURE 1: FDDI Back-end and Backbone Configuration 
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FDDI links provide high-speed back-end communications to peripherals, such as disk drives on hosts, as well as front-end back¬ 
bones to a variety of communications services. Here, several different kinds of LANs are connected via the FDDI backbone. 


high-bandwidth, long-distance transmis¬ 
sion links. Its low attenuation (signal 
loss) enables optical fiber to transmit 
high-speed data over tens of kilometers 
without repeaters, which makes it an 
excellent medium for data communica¬ 
tions over wide areas and between 
buildings. Optical fiber transmits infor¬ 
mation using light, so it is immune to 
electromagnetic interference, impulse 
noise, and crosstalk; in addition, the 
fibers do not radiate energy, so they 
cause little interference with other 
equipment. Thus, optical fiber is ideal 
for high-noise areas, such as factories. 

Coaxial cable and twisted-pair wire 
are, of course, the traditional transmis¬ 
sion media for LANs. Twisted-pair is 
popular for its relatively low cost, small 
size, and ease of installation (see “A 
New Twist for Ethernet,” John Kolman, 
September 1988, p. 86). Its major draw¬ 
backs are limited distance and a sus¬ 
ceptibility to electrical interference. 


Compared with twisted-pair, coaxial 
cable is more expensive and is larger 
and more difficult to install, but it sup¬ 
ports many more devices over signifi¬ 
cantly longer distances. 

The surge in engineering worksta¬ 
tions and high-performance PCs that 
need to move millions of bytes of data 
quickly is beginning to tax the limits of 
copper wire. Back-end networks re¬ 
quire higher capacities and speed to 
connect mainframes to storage devices 
such as hard disks and optical disks. 
Backbone networks, which transfer data 
among mainframes, LANs, or distrib¬ 
uted PBXs—and which require greater 
capacity to support internetworking 
traffic as well as to carry realtime voice 
information—are exhibiting similar 
growing pains. 

In addition, the rapid expansion of 
corporate networks and factory automa¬ 
tion systems spurs new demands for 
large, integrated communications net¬ 


works that carry data, voice, and video 
simultaneously. As companies assess 
their maturing performance require¬ 
ments and the cost of installing LANs, 
the benefits of optical fiber in terms of 
bandwidth, distance, and speed recom¬ 
mend it for present and future needs. 
Only optical fiber delivers the band¬ 
width/distance performance required 
by more and more users. 

LIGHT-HEARTED 

Although still the new kid on the net¬ 
work block, optical fiber soon will be 
one of the first choices when LAN de¬ 
signers and administrators start choos¬ 
ing sides. Its many compelling proper¬ 
ties, including high bandwidth, low sig¬ 
nal attenuation, excellent security, elec¬ 
tromagnetic isolation, and small cable 
size, make it a heavy hitter. 

Bandwidth. The potential bandwidth 
and, hence, transmission rate, of a ca¬ 
bling medium increases with its fre- 


98 


PC TECH JOURNAL 



































































































FIGURE 2: Three Grades of Optical Fiber 



Light rays are depicted moving through the three types of optical-fiber cable. In 
step-index multimode fiber, light travels by constant refraction, causing much 
modal dispersion of the initial pulse of light. This limits the effective bandwidth 
and, thus, its transmission rate. Graded-index multimode fiber constantly refocuses 
the rays, thus minimizing modal dispersion. Single-mode fiber has the highest po¬ 
tential bandwidth, but requires a light source with a narrow spectral width—such 
as a laser. Single-mode achieves data rates in the gigabytes-per-second range, but 
its cost is too high for uses other than long-distance telecommunications. 


quency. Optical carrier frequency is 
approximately 10 14 to 10 15 Hz, which is 
10 million times greater than coaxial 
cable. The potential bandwidth of opti¬ 
cal fiber is tremendous; however, to¬ 
day’s fiber transmits at rates far below 
its theoretical capacity. Signal disper¬ 
sion and attenuation (discussed below) 
are the limiting factors. 

Dispersion. Figure 2 shows three con¬ 
structs of optical fiber. A step-index 
multimode fiber consists of a cylindri¬ 
cal glass core, about 50 to 100 micro¬ 
meters (jinn) in diameter, with a con¬ 
stant index of refraction, surrounded 
by cladding material with a lower re¬ 
fractive index. A light pulse enters the 
core and travels down the fiber by 
means of total internal reflection. The 
optical fiber acts as a waveguide for 
light. Differing path lengths of transmis¬ 
sion, due to multiple angles of inci¬ 
dence of the rays into the fiber, result 
in multimodal light in the fiber. 

Each mode of light has a different 
length path to travel. A ray traveling 
straight along the axis of the fiber 
reaches its destination before a ray that 
bounces down with many reflections. 
The bouncing leads to a broadening of 
the initial light pulse, called modal dis¬ 
persion , which, in turn, causes interfer¬ 
ence between successive data bits. This 
interface limits the effective bandwidth 
and, thus, slows the transmission rate 
of the fiber. 

Cores with a graded-refractive- 
index profile minimize modal disper¬ 
sion. Here, the light pulse is refocused 
continuously as it travels within the 
fiber. Rays speed up as they pass into 
the lower-refractive-index glass, so that 
all rays arrive at the destination at ap¬ 
proximately the same time. This re¬ 
duces pulse dispersion by three orders 
of magnitude relative to step-index 
fiber, substantially increasing effective 
bandwidth. 

Material dispersion , which results 
when the refractive index of glass var¬ 
ies with respect to the transmission 
wavelength, also causes pulse spread¬ 
ing. Different wavelengths of light 
propagate at different speeds in the 
fiber, producing a smeared pulse. Mate¬ 
rial dispersion increases as the spectral 
width of the light source increases. If a 
transmitted pulse is truly monochro¬ 
matic, the variation of its refractive 
index would have no effect. 

The number of modes, N, sup¬ 
ported in step-index fiber is 

N = 2(7ra/A) 2 (m 2 — n 2 2 ) 

where a is the core radius, A is the 
wavelength of the light, n 2 is the core 


index of refraction, and n 2 is the clad¬ 
ding index of refraction. 

If a, n 2 , and n 2 are selected such 
that N = 1, the result is a fiber that 
supports a single mode of propagation, 
in which modal dispersion cannot 
occur. Only material dispersion can 
cause signal dispersion of a single¬ 
mode fiber, which typically has a core 
diameter of 8 yum or less. Even this ef¬ 
fect is minimal if the light source has a 
narrow spectral width—as with a laser. 
The bottom line is that single-mode 
fiber has the highest potential band¬ 
width and, thus, can support higher 
data rates over longer distances than 
can multimode fiber. The catch is that 
single-mode fiber must use a laser as 
its light source, significantly increasing 
complexity, expense, and risk of equip¬ 
ment failure. (FDDI does not require 
single-mode fiber.) 

Because optical-fiber bandwidth 
varies according to the length of the 
transmission medium, bandwidth is 
always given for a specific distance, 
usually 1 km. The typical bandwidth of 
optical fiber is as high as 200 MHz/km 
for step-index multimode fiber, be¬ 
tween 200 MHz/km and 3 GHz/km for 
graded-index multimode fiber, and 
from 3 GHz/km to 50 GHz/km for 


single-mode fiber. This tremendous 
capacity far exceeds that of coaxial 
cable or twisted-pair wire; moreover, it 
enables a single fiber to carry voice, 
data, and video simultaneously via 
wavelength division multiplexing (anal¬ 
ogous to frequency division multiplex¬ 
ing, or FDM, on a broadband network). 
Attenuation. Signal loss, or attenuation, 
in optical fiber is due primarily to ab¬ 
sorption, material scattering, and 
waveguide scattering. Impurities and 
inconsistencies in the fiber material 
cause absorption and material scatter¬ 
ing, respectively; geometric irregulari¬ 
ties at the interface between the fiber¬ 
optic core and its cladding cause 
waveguide scattering. Unlike coaxial 
cable, optical-fiber attenuation is not a 
function of signal frequency, but of the 
fiber material and the wavelength of 
the light source. 

Either a light-emitting diode (LED) 
or a laser can be the light source for 
an optical fiber. Light with wavelengths 
of about 850, 1,300, and 1,500 nanome¬ 
ters (nm) propagates best in silica glass 
optical fiber and suffers less attenua¬ 
tion. In addition, attenuation is gener¬ 
ally lower at higher wavelengths—the 
reason for the greater data rates over 
longer distances. 
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Typical fiber attenuation is 2 deci¬ 
bels per kilometer (db/km) at 850 nm, 
0.5 db/km at 1,300 nm, and 0.2 db/km 
at 1,500 nm, almost independent of the 
data rate. Optical connectors that splice 
together cable segments for increased 
length introduce additional losses of 
about 1.0 to 1.5 db per connector. By 
comparison, attenuation of a 50-ohm 
Ethernet coaxial cable is typically 30 
db/km at 30 MHz and scales roughly as 
the square root of the bit rate. 
Nonconductivity. Because it does not 
conduct electricity, optical fiber elimi¬ 
nates the hazards of short circuiting 
and other problems associated with 
ground-potential differences and light¬ 
ning surges between remote buildings. 
Optical fiber is also safe to use in ex¬ 
plosive environments. 

Security. Although optical fiber is not 
physically more secure from eavesdrop¬ 
ping than other LAN cabling media, its 
potential for security is excellent. Opti¬ 
cal fibers do not radiate energy, so 
electronic monitoring is ineffective 
without a physical connection, and it is 
difficult to tap the fiber without inter¬ 
rupting communications. Thus, for 
complete security, you must control 
access to the cable and monitor the 
signal continually. 

Size. Optical fiber is easily made into 
long lengths with uniform dimensions. 
Unit lengths of several kilometers are 
common, with much longer lengths 
possible. A I25-/mi-diameter fiber that 
is 1 km long takes up only 12 cubic 
centimeters and weighs 28 grams. It is 
also quite flexible and strong, so it is 
much easier to transport, install, and 
pull through wire-runs and ducts than 
coaxial cable. For cramped conduits in 
buildings and underground along pub¬ 
lic rights-of-way, optical fiber’s size and 
flexibility are invaluable. 

FDDI LIGHTS THE WAY 

ANSI has been approving the proposed 
FDDI standard in piecemeal fashion, 
but it is close to complete adoption. 
Proponents of fiber-optic technology 
see FDDI as a standard for high-perfor¬ 
mance LANs that is necessary to inter¬ 
connecting the increasingly sophisti¬ 
cated computers of the future. The 
FDDI standard embraces all levels of 
LAN operation. 

Clocking. FDDI’s predecessor, IEEE 
802.5, uses self-clocking differential 
Manchester encoding (DME). (See “The 
Token-Ring Solution,” J. Scott Haugdahl, 
January 1987, p. 50 for more informa¬ 
tion.) As each station receives data, the 
timing information is recovered from 
the incoming bit stream, which, in turn, 


is used for transmitting data to the next 
station. The clocking deviates from the 
original timing in a random fashion 
due to noise and delay distortion. This 
deviation, or timing jitter , causes the 
digital pulse width to expand and con¬ 
tract randomly as the signal travels 
around the ring. The cumulative effect 
of the jitter varies the bit latency of the 
ring. Unless the ring latency remains 
constant, bits are dropped as the la¬ 
tency decreases or are added as the la¬ 
tency increases. Timing jitter limits the 
number of stations in a ring. 

To alleviate this problem, IEEE 

802.5 specifies a 6-bit elasticity buffer 
in the active monitor station, in addi- 

T he FDDI network has a 
10-bit-deep elasticity buffer 
distributed across all the sta¬ 
tions in the ring to avoid 
dropping or inserting bits. 


tion to requiring a phase-locked loop 
in each repeater. Bits are clocked into 
the buffer at the rate recovered from 
the incoming stream, but they are 
clocked out at the station’s crystal mas¬ 
ter clock rate. The elasticity buffer ex¬ 
pands and contracts to avoid dropping 
or adding bits. 

The buffer of the centralized mon¬ 
itor would be prohibitively large to 
accommodate FDDI’s high data rate. To 
eliminate the cumulative timing-jitter 
effect in FDDI, each station recovers 
the clocking from the incoming bit 
stream. The outgoing stream is clocked 
by the local fixed-frequency oscillator. 
Unless some compensation is included, 
the accuracy of the oscillator (required 
to be stable to 0.005 percent), which 
allows the incoming frequency to be 
slower or faster than the outgoing fre¬ 
quency, results in an excess or defi¬ 
ciency of bits. 

The FDDI network has a 10-bit- 
deep elasticity buffer distributed across 
all the stations in the ring to avoid 
dropping or inserting bits. This distrib¬ 
uted system is more robust than the 

802.5 6-bit buffer and minimizes jitter. 
The reclocking at each station elimi¬ 
nates constraints on the number of 
repeaters on the ring. 

The transmitter clock also is stable 
to 0.005 percent. With an elasticity 
buffer of L0 bits, stations can transmit 


frames as long as 4,500 octets without 
exceeding the buffer’s limits. 

Data encoding. The DME scheme is 
only 50-percent efficient: it is adequate 
for the 4-Mbps data rate of the IEEE 

802.5 token-ring LAN, but inefficient for 
FDDI. Were FDDI to use DME to reach 
the specified LOO Mbps, it would re¬ 
quire a signaling rate of 200 megabaud 
(Mbaud)—which could be achieved 
only with expensive laser diodes and 
avalanche photo diodes (so called for 
the avalanche breakdown , in which 
voltage becomes virtually independent 
of current). 

To overcome DME’s data-rate inef¬ 
ficiency, FDDI specifies the 4-bit/5-bit 
(4b/5b) encoding scheme, in which 
encoding is done 4 bits at a time to 
create a five-cell symbol on the me¬ 
dium. Each set of 4 bits is, in effect, 
encoded as 5 bits. The efficienq' is 
raised to 80 percent, so that LOO Mbps 
is achieved with 125 Mbaud—well 
within the realm of relatively inexpen¬ 
sive LEDs and PIN diodes (shorthand 
for a P-segment to N-segment with a 
connecting, or In-between, module). 
The lower signal rate also lowers the 
cost of the circuitry associated with the 
network. 

To provide reliable data reception 
and bit synchronization, the 4b/5b bi¬ 
nary stream is encoded further into a 
nonreturn-to-zero-inverted (NRZI) for¬ 
mat before transmission to the fiber. 
Access. Similar to IEEE 802.5, the FDDI 
medium access is based on a token 
that circulates when all stations are 
idle. A station must seize a passing 
token before it can transmit. An IEEE 

802.5 station seizes the token by flip¬ 
ping the T-bit (token-bit) from 0 to 1 
in the access control field of the token 
frame. However, FDDI’s high data rate 
renders this impractical. Under FDDI, 
the station seizes the token by absorb¬ 
ing die token transmission upon recog¬ 
nition. When the token is received 
completely, die station begins transmit¬ 
ting frames. The station continues to 
transmit until it has no more data to 
transmit or until the token-holding 
timer (THT) expires. 

The station originating a frame is 
responsible for removing it from the 
ring when it completes a round-trip. 
When die transmission is terminated, 
the transmitting station generates a new 
token. However, if the ring bit length is 
greater than that of the frame, a new 
token is issued by the originating sta¬ 
tion before the leading edge of the 
current frame returns to its transmitter 
to be purged. This feature allows two 
tokens to be on the network at one 
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FDDI combines two independent, counter-rotating rings. Each runs at 100 Mbps—the effective throughput is 200 Mbps when 
they operate simultaneously. If the primary ring fails, the secondary ring provides a backup to sustain 100 Mbps. Class A sta¬ 
tions connect to both rings, continuing on a single ring if one ring fails; the less-critical class B stations connect to one ring. 


time (an IEEE 802.5 node must wait for 
the transmitted frame to return before 
inserting a new token). FDDI’s scheme 
is more efficient in large ring configu¬ 
rations because it allows the network 
to transmit multiple frames from differ¬ 
ent stations at the same time. 
Transmission medium. FDDI specifies 
graded-index multimode silica glass fi¬ 
bers with core/cladding diameters of 
50/125, 62.5/125, or 85/125 /xm. Single¬ 
mode fiber is not required to meet 
FDDI performance goals. This is signifi¬ 
cant because although single-mode and 
multimode fibers cost about the same, 
the transmitters, receivers, switches, 
and connectors for single-mode are sig¬ 
nificantly more expensive than multi- 
mode equivalents. 

In addition, multimode fiber can 
use either a laser or an LED light 
source. Although lasers generate more 
power and have a much narrower 
spectral width than LEDs, they are far 
more complex and, consequently, more 
expensive. Lasers also have a shorter 
life span than LEDs. FDDI specifications 
are based on the more economical 
component—the less expensive and 
longer-lived LEDs. 

Fiber-optic light sources generally 
operate at one of three wavelength 
windows—850, 1,300, or 1,500 nm. 

Only LEDs at 850 nm and 1,300 nm are 
available commercially today; however, 
because LEDs have comparatively wide 
spectra, chromatic dispersion is one of 


the primary effects that limits link 
bandwidth. FDDI, therefore, specifies 
the 1,300-nm wavelength so that, at the 
FDDI rate of 125 Mbaud, chromatic dis¬ 
persion would limit short wavelength 
operation to distances of only a few 
hundred meters. The 1,300-nm wave¬ 
length has a lower attenuation and 
causes minimal chromatic dispersion, 
permitting much longer distances. 

FDDI specifies a minimum peak 
output of —16 dbm (a measure of 
power relative to 1 milliwatt) from op¬ 
tical transmitters, which LED-based light 
sources can achieve, and a minimum 
receiver input of -27 dbm for a bit 
error rate of one in 2.5 * 10 10 bits 
transmitted. PIN diodes can handle this; 
the more expensive avalanche photo 
diodes are not necessary. The total link 
power budget (the amount of signal 
loss allowed in transmission between 
sending and receiving units), therefore, 
is 11 db. A 2-km length of high-quality 
fiber loses less than 5 db, leaving ap¬ 
proximately 6 db for other signal at¬ 
tenuators, including splices, connectors, 
and switches. The typical FDDI connec¬ 
tor loss is less than 1 db. 

Rings. As figure 3 illustrates, FDDI 
combines two independent, counter¬ 
rotating, primary and secondary rings. 
Each ring runs at 100 Mbps; the effec¬ 
tive throughput is 200 Mbps when the 
two operate simultaneously. If the pri¬ 
mary ring fails, the secondary ring pro¬ 
vides a backup to sustain 100 Mbps. 


In a 1,000-node configuration, the 
average distance between adjacent 
nodes must be 200 meters to keep the 
ring circumference within the 200-km 
limit. Nodes can be separated by as 
much as 2 km as long as the average 
separation does not exceed 200 meters. 
No lower limit is imposed on node 
separation distance. 

The FDDI limits maintain ring la¬ 
tency—that is, the time it takes a signal 
to travel around die ring—within a few 
milliseconds, depending on the out¬ 
come of the bidding process. Minimum 
ring latency is critical for many real¬ 
time network applications. 

Station types. FDDI defines two station 
types: class A stations, which are either 
mainframes or wiring concentrators, 
connect to both primary and secondary 
rings; the less-critical class B stations 
connect to only one of the rings, thus 
reducing station hardware costs. If a 
cable breaks, class A stations reconfig¬ 
ure the dual ring into a single ring, 
keeping all nodes in operation. If the 
network sustains two faults, it can split 
itself into two smaller rings that oper¬ 
ate separately. 

Class A stations repeat information 
on both rings, so file servers and other 
stations that provide critical network 
services should be class A connections. 
Workstations or microcomputers are 
usually class B stations because they 
can change location in an evolving 
business environment. Wiring con- 
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FIGURE 4: FDDI’s Relationship to the OSI Model 
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LAYERS 



FDDI is concerned with only the two lowest levels of the OSI model. The OSI 
physical layer is divided into two FDDI sublayers, the physical medium dependent 
(PMD) and the physical layer protocol (PHY). The OSI data link layer includes 
the medium access control (MAC) and the logical link control (LLC). 


centrators can mitigate the effects of 
such relocations on the network and 
verify that such stations are operating 
properly when reconnected. 

Architecture. Figure 4 shows the rela¬ 
tionship between the FDDI architecture 
and both the IEEE 802.5 structure and 
die Open System Interconnection (OSI) 
layered protocol. IEEE 802.5 specifies a 
4-Mbps, token-ring LAN using shielded, 
twisted-pair wire. However, the high 
data rate of FDDI, which is 25 times 
better than that of IEEE 802.5, creates 
many differences between the two, spe¬ 
cifically in the physical layer. Protocols 
that work well with low-speed net¬ 
works do not necessarily meet the re¬ 
quirements when data rates are scaled 
up by an order of magnitude. 

The OSI physical layer (PL) is di¬ 
vided into two FDDI sublayers, the 
physical medium dependent (PMD) and 
the physical layer protocol (PHY). The 
PMD provides the digital baseband 
point-to-point communication between 
stations in the FDDI network. It defines 
and characterizes the fiber-optic driv¬ 
ers, receivers, cables, connectors, 
power budgets, and hardware-related 
characteristics. 

The PHY connects the PMD and 
the OSI data link layer (DLL), supplying 
the encoding/decoding mechanism and 
establishing synchronization for the in¬ 
coming and outgoing clocks. The DLL 
includes the medium access control 
(MAC) and the logical link control 
(LLC). The LLC provides a common 
protocol to support the required ser¬ 
vices between MAC and the OSI net¬ 
work layer (NL). The FDDI uses the 
LLC developed by IEEE 802.2. 

The MAC provides fair and deter¬ 
ministic medium access, address recog¬ 
nition, and generation, as well as verifi¬ 
cation of frame check sequences. It 
defines the timed-token protocol, 
which ensures that a station can trans¬ 
mit a minimum amount of data on the 
ring within a predictable amount of 
time. MACs primary role is to deliver 
frames, including insertion, repetition, 
and removal. The FDDI MAC interface 
is compatible with IEEE 802.2 LLC. 

Station management (SMT) is part 
of network management, and it resides 
in each station. SMT provides services 
such as configuration-management con¬ 
trol, fault isolation and recovery, and 
scheduling procedures to ensure the 
station’s proper operation as a member 
of the ring. Figure 5 shows FDDI’s 
frame and token formats. The frame 
size is limited to 4,500 bytes, sufficient 
for most applications, to accommodate 
the distributed clocking scheme. 


Capacity. FDDI controls usage of the 
network capacity through the timed 
token rotation (TTR) scheme. Within 
each station, the MAC transmitter con¬ 
trols ring scheduling with a token rota¬ 
tion timer (TRT), which measures the 
time elapsed since a token was last re¬ 
ceived. During initialization, FDDI al¬ 
lows each station to bid for the value 
of target token rotation time (TTRT) via 
a continuous stream of claim frames, 
each of which contains the station’s bid 
in a data field. 

Each claiming station inspects the 
TTRT value of an incoming claim 
frame, relaying it if the TTRT value is 
lower than its own. Otherwise, the sta¬ 
tion replaces the incoming claim frame 
with its own frame, which contains its 
bid. The station that requests die short¬ 
est TTRT wins. If two or more stations 
request the same TTRT value, the sta¬ 
tion with the longest and highest ad¬ 
dress wins. 

Bidding is complete when a sta¬ 
tion receives its own claim frame, 
which contains the lowest bidding of 
the TTRT, after it has made a round-trip 
on the ring. Each station copies the 


value of the new TTRT, to allocate 
channel capacity for all stations. The 
winning station then can send a token 
to its downstream neighbor. 

In its first cycle on the ring, the 
token cannot be captured by any sta¬ 
tion; rather, diis first appearance acti¬ 
vates each station to move from initiali¬ 
zation to its operational state and to 
reset its TRT. After the token passes 
around the ring once, the ring is oper¬ 
ational and the token can be captured 
In the absence of failures, the average 
token rotation time is, at most, the 
TTRT, and the maximum token rotation 
time is, at most, twice die TTRT. 

To support a mixture of intermit¬ 
tent and stream traffic, FDDI defines 
two types of traffic, synchronous and 
asynchronous. Synchronous traffic has 
delivery-time constraints; for example, 
delays in voice and video transmissions 
can cause serious disruptions in sig¬ 
nals. The time constraints of asynchro¬ 
nous traffic are not so stringent. 

Synchronous transmission times 
are preallocated to those stations that 
support synchronous traffic. A station 
can transmit synchronous data for the 
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FIGURE 5; FDDI Frame- and Token-format Blocks 
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SFS = Start of frame 
sequence 

PA = Preamble 


SD = Start delimiter 


FC = Frame control 


DA = Destination 
address 

SA = Source address 


FCS = Frame check 
sequence 

EFS = End of frame 
sequence 
ED = Ending 
delimiter 


FS = Frame status 


Consists of the PA and SD fields of the frame, which 
together ensure the timing and validity of all 
tokens and frames. 

Establishes and maintains clock synchronization. 

Consists of 16 or more idle symbols (64 bits) 
transmitted by the frame originator. 

Indicates the start of the frame. The start delimiter 
consists of two delimiter symbols (JK) that are always 
distinguishable from data. No frame or token is 
considered valid unless it starts with this explicit 
sequence. 

Defines the types of the frame and associated control 
functions. Distinguishes between synchronous and 
asynchronous frames, MAC and LLC frames, length of 
the address field (16 or 48 bits), and restricted or 
unrestricted tokens. 

Identifies the station(s) for which the frame is intended. 
Addresses can be either 16 or 48 bits long. 

Identifies the station originating the frame. 

Addresses are the same length as the destination 
address in a given frame. 

Detects erroneous data bits within the frame via a 
32-bit cyclic redundancy check. 

Consists of ED and FS fields, which ensure a clear 
close to each frame. 

Contains nondata symbols to indicate the end of the 
frame. The delimiter is eight bits long for a token 
(two consecutive T symbols) and four bits long 
(a single T symbol) for all other frames. 

Contains a minimum of three control-indicator 
symbols that indicate whether the addressed station 
has recognized its address, the frame has been 
copied, or any station contains an error in the frame. 


Frame-format blocks are assigned to carry data around the network ring, while 
token-format blocks cycle around the network looking for requester stations. 


preallocated time whenever a token is 
captured. Preallocation ensures that the 
TTRT is not exceeded, even if every 
station transmits the maximum synchro¬ 
nous data. Stations that do not support 
synchronous traffic can transmit only 
asynchronous traffic. Asynchronous 
transmissions are permitted only when 
all of the pending synchronous re¬ 
quests have been serviced and the THT 
has not expired. 

The timed token scheme is based 
on the token rotation time having a lin¬ 
ear relationship to the load on the 
ring. If the token comes back later than 
the TTRT, the station assumes a heavy 
network-transmission load, in which 
case it can transmit only synchronous 
frames. When the token comes back 
sooner than the TTRT, the station as¬ 
sumes a relatively light load. It first 
transmits synchronous frames for the 
preallocated time, then (or if no syn¬ 
chronous frames were ready to trans¬ 
mit), the token-holding timer begins 
running. The station then can transmit 
asynchronous frames as long as the 
TRT is less than the TTRT. 

This protocol guarantees that, in a 
normal ring, an average synchronous 
response time does not exceed the 
TTRT, and the maximum synchronous 
response time never exceeds twice the 
TTRT. Any excess capacity is available 
for asynchronous traffic. 

FIBER FORMATIONS 

Each of the three basic LAN top¬ 
ologies—ring, star, and bus—can be 
implemented in optical fiber, under ei¬ 
ther a passive or an active arrangement. 
Specific characteristics such as band¬ 
width, attenuation, power budget, con- 
nectability, cost, and access control are 
important in determining a suitable 
fiber-optic LAN topology. Among the 
determinants in choosing a topology 
for any LAN installation are application 
requirements, reliability, expandability, 
and performance. 

Fundamental differences between 
copper media and optical fiber— 
mainly the former’s electrical conduc¬ 
tivity and fiber’s higher bandwidth po¬ 
tential—render topologies that are suit¬ 
able for twisted-pair wire or coaxial 
cable inappropriate for optical fiber. 
Although FDDI specifies an active ring 
in this first fiber-optic standard specifi¬ 
cation, no one configuration is a better 
overall choice than the others. 

Passive star. In a fiber-optic, passive- 
star LAN, two fibers (one to transmit 
and one to receive) connect each sta¬ 
tion to a central unpowered coupler; a 
single optical transmitter-receiver pair 


is required for each station. When a 
station transmits, the optical signal 
passes to the central node where it is 
divided among all the output fibers and 
is distributed to all of the stations on 
the network. 

Although physically a star, the in¬ 
terconnection acts like a bus: a trans¬ 
mission from one station is received by 
all. To avoid a collision, which occurs if 
two stations transmit simultaneously, 
this configuration uses the carrier 
sense multiple access with collision 
detection (CSMA/CD) protocol to con¬ 
trol channel access between stations. 


Commercially available passive-star 
LANs, such as those from Codenoll 
Technology, support several dozen sta¬ 
tions at a recommended radial distance 
of 800 meters. Limitations on the num¬ 
ber of stations and the distances be¬ 
tween them are imposed by the 
amount of network attenuation. Such a 
LAN tolerates a 25- to 28-db optical loss 
between the transmitter and die re¬ 
ceiver; diis attenuation is introduced by 
connectors, fiber impurities, and optical 
power division. 

A typical passive-star network has 
zero to four connectors in a path from 
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The active-star repeater for Ethernet typically uses a copper-based back-plane X 
bus (to transmit) and R bus (to receive) between input, output, and the control 
module. X and R handle traffic as optical signals are received, processed as elec¬ 
trical transmissions, and output again as optical pulses via light-emitting diodes. 


transmitter to receiver, each with a loss 
of about 1.0 to 1.5 db; thus, attenuation 
from this source is 4 to 6 db. The typi¬ 
cal cable attenuation for the fiber in 
these systems is 3 to 6 db/km. Power 
division occurs when die central node, 
or coupler, divides the optical power 
from the transmission path to all recep¬ 
tion paths equally. 

The loss, in decibels, seen by any 
node, is 10 log N, where N is the num¬ 
ber of stations. The effective loss in a 
16-port coupler is about 12 db. Thus, 
trade-offs are made between distance 
and the number of stations supported. 
For example, a high-performance LED 
injecting —3 dbm optical power into a 
passive-star optical fiber requires re¬ 
ceivers with a sensitivity of —30 dbm 
to support 13 stations spanning 500 
meters. The number of stations could 
increase for the same diameter, if more 
sensitive (and more expensive) receiv¬ 
ers are used. 

Precisely because the passive star 
acts like a bus, the fiber-optic trans¬ 
ceiver must quickly and reliably detect 
the presence of more than one signal, 
or data packet, to avert a collision. This 
is difficult because packets from other 
stations could arrive simultaneously 
and can have considerable variations in 
optical signal power: a strong packet 
coming from a station near the star 
could mask a second, weaker signal 
coming from a station at maximum dis¬ 
tance from the star, when both arrive 
at the same instant. Collision-detection 
schemes that attempt to detect differ¬ 
ences in received powers or violations 
of DME are not reliable. 

Although this suggests that passive 
stars are best suited to smaller installa¬ 
tions, they can be cascaded off of ac¬ 
tive-star couplers to build large sys¬ 
tems, using available products (from 
Codenoll Technology, for example). 
Because they are unpowered, passive- 
star couplers (which cost about $1,000) 
are less likely to be a point of failure 
in a network. 

Active star. To circumvent the prob¬ 
lems of optical-power dynamic range 
and reliable collision detection, the 
central node, or coupler, can be active : 
the powered coupler regenerates the 
signal before distributing it to the other 
stations. Thus, an active-star topology 
supports more stations over a greater 
distance than a passive star. 

Fibernet II, an early design of the 
Xerox Palo Alto Research Center (and 
never distributed commercially), is an 
active-star fiber-optic LAN. Fibernet II 
supports 100 devices at a radius of 2.5 
km. Plug-compatible with Ethernet at 


the transceiver cable interface, Fibernet 
II functions as either a segment in a 
large coaxial Ethernet or as a stand¬ 
alone network. Bidirectional transfer of 
10-Mbps, DME-encoded data occurs 
between the active star and die Fiber- 
net transceivers over duplex optical 
fiber; the transceivers are connected to 
die station with standard Ethernet ca¬ 
bles or connectors. 

Figure 6 is a block diagram of an 
active-star repeater in which three 
modules are connected through two 
back-plane, 50-ohm buses called R (for 
receive) and X (for transmit). The re¬ 
ceiver module detects a transmitting 
station’s optical signal on the inbound 
optical fiber, electrically regenerates its 
amplitude, and transmits it onto bus R, 
which is, in fact, a miniature Ethernet. 
The control module receives the signal 
and retransmits it dirough the digital 
switch onto bus X. Finally, the transmit¬ 
ter module, with its LED transmitters, 
picks up the signal from bus X and 
retransmits it optically to all stations via 
die outbound fibers. 


Collision detection, performed in 
the control module, is accomplished by 
monitoring the average signal level on 
the R bus. By converting the optical 
signal to an electrical one, the design 
avoids the difficult problem of detect¬ 
ing a collision of optical signals. If two 
or more stations transmit simultane¬ 
ously, die collision is detected and the 
digital switch is set so that a 1.0-MHz 
collision signal is transmitted to all 
transceivers. 

Fibernet II uses LED sources and 
PIN photo-diode receivers. The mini¬ 
mum peak power injected into a fiber 
is 100 microwatts ( jjl w), and the re¬ 
ceiver has a sensitivity exceeding —28 
dbm. With a 6-db minimum-link mar¬ 
gin, 6-db/km attenuation, and four 1.0- 
db-loss connectors, optical-link power 
budget calculations indicate that Fiber- 
net II can support a network with sta¬ 
tions separated by as much as 2.5 km. 
This distance is widiin the 51.2-micro¬ 
seconds (/jl s) propagation delay budget 
allowed for a fully configured Ethernet. 
For a single repeater-to-repeater run, 
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No other application development software 

is quite this fast. 



Sure, you expect speed. But not this 
much speed. Truth is, anyone who has ever 
developed applications is surprised by 
PROGRESS. Like the developers who 
gave it the highest satisfaction rating 
among the 4GL DBMSs surveyed by 
DATAPRO* 

PROGRESS is a high-performance 4GL 
designed specifically for building, modify¬ 
ing, and customizing database applications. 
It requires less code than other 4GLs, it’s 
crash-proof, and it’s transparently portable 
across UNIX, XENIX, ULTRIX, MS-DOS, 
VAX/VMS, and CTOS/BTOS, as well as 
LANs. 

Well, hold your horses. 


NOW PROGRESS APPLICATION 
DEVELOPMENT IS EVEN FASTER 
WHEN YOU ADD PROGRESS 
FAST TRACK? 

PROGRESS FAST TRACK is a menu- 
driven application builder that allows devel¬ 
opers and users to paint screens, create 
menus, generate reports and perform 
queries. Unlike other application builders, 
PROGRESS FAST TRACK provides you 
greater flexibility and control by generating 
4GL code. 

For only $95f, you can test drive a copy of 
PROGRESS. And if it’s not as fast as we say 
it is, we’ll refund your money. So call today. 

And hang on tight. 



I Send $95t for your PROGRESS Test Drive. 
[ Or call: Progress Software Corporation 
5 Oak Park 
Bedford, MA 01730 

1-800-FAST 4GL 

(In Massachusetts, 
call 617-275-4500) 

FAX: 617-275-4595 
Telex: 509965 
(In Canada, call 
416-620-6766) 


FASTEST FROM START TO FINISH. J 


Offices in: Atlanta, Boston, New York, San Diego, Washington, D.C., Amsterdam, Brussels, Cologne, Copenhagen, Helsinki, London, Melbourne, Montreal, Munich, Oslo, Paris, 

Reykjavik, Stockholm, Sydney, Toronto, Vienna, and Zurich. 

♦DATAPRO Reports on Software, DATAPRO 70© 1986,1987, DATAPRO RESEARCH CORPORATION tFor international orders please call forshipping and handling information. 

PROGRESS and PROGRESS FAST TRACK are registered trademarks of Progress Software Corporation, developers of advanced software technology for business and industry. The following are trademarks of the following companies: VAX. VMS and ULTRIX of 

Digital Equipment Corporation: UNIX of AT&T: MS-DOS and XENIX of Microsoft Corp.; CTOS of Convergent Technologies. Inc.: 11TOS of Unisys Corporation. 
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distances of 4 km are possible using 
the Fibernet II design. 

In a star topology, a broken fiber 
does not bring down the entire net¬ 
work. An active-star LAN further boasts 
high communications reliability, capac¬ 
ity for a large number of stations, equal 
access for all stations, easy network 
reconfiguration and maintenance, and 
cost-effectiveness. It has one significant 
drawback, however: a power loss on an 
active-star coupler disables the entire 
network. 

Because Ethernet is based on the 
limits of copper media, optical fiber’s 
low attenuation and wide bandwidth 
are not fully realized in Ethernet- 
compatible fiber-optic LANs. Ethernet- 
compatible fiber-optic products are 
available from a number of commercial 
vendors, including Artel Communica¬ 
tions, Codenoll Technology, BICC Data 
Networks, Chipcom, FiberCom, and 
SynOptics Communications. 

Passive bus. Light is unidirectional; 
thus, it does not accommodate the bi¬ 
directional data transfer that a bus net¬ 
work requires. To overcome this obsta¬ 
cle, a LAN can have two passive optical 
couplers for each station. Each coupler 
consists of a transmitter-receiver pair, 
so that signals are inserted into and 
extracted from the unidirectional opti¬ 
cal fiber. Each of the transmitter- 
receiver pairs requires a cable with two 
fibers. The coupler can extract a por¬ 
tion of the optical energy from one 
fiber for reception and inject optical 
energy directly into the other fiber for 
transmission. 

Bus configurations also deal with 
collision detection via CSMA/CD. An 
idle station knows a collision has oc¬ 
curred by the presence of data on both 
of its receivers; data on either of its 
receivers would indicate a collision to 
a transmitting station. 

These accommodations notwith¬ 
standing, a passive-bus configuration 
has several serious drawbacks. The 
purely optical couplers, which do not 
involve light-to-electrical conversions, 
experience significant energy loss, and 
low-loss optical couplers are not yet 
available commercially. Each coupler 
undergoes an approximate 1-db excess 
insertion loss, which further increases 
path attenuation. 

Another liability of the passive bus 
is substantial variation in the optical 
signal level that a station receives. Each 
station receives the maximum power 
when an adjacent station transmits; it 
receives the minimum power in a 
transmission from a station at the op¬ 
posite end of the N-station bus. The 


difference between the maximum and 
minimum signal power depends on the 
total loss caused by fiber attenuation, 
connectors, and coupler excess. In a 
small network (with 10 stations, for 
example), die receiver dynamic range 
is greater than 25 db even without the 
link margin and fiber attenuation loss. 
As die number of stations increases, the 
dynamic-range requirement of the re¬ 
ceivers increases dramatically, necessi¬ 
tating highly sensitive and high- 
dynamic-range optical receivers. 

Active bus. In an active bus—a far 
more practical approach than a passive 
bus—active couplers reestablish the 
power in the optical signals. This con¬ 
figuration does not restrict the number 
of stations it supports with respect to 


Am 1 X.3T9.5 specifies 
an active-ring topology in 
its first standards for a 
high-speed, wide-band- 
width, fiber-optic network. 


optical power. The active bus also 
eliminates the optical dynamic-range 
difficulty—it can use LED sources and 
PIN receivers because it requires a re¬ 
ceiver sensitivity of only -30 dbm and 
an optical dynamic range of 20 db. In 
addition, collision detection is a 
straightforward operation: the simulta¬ 
neous transmission and reception of 
data is interpreted as a collision. 

Drawbacks to the active bus are 
similar to those for the passive bus, but 
not as severe. Bidirectional data trans¬ 
fer requires twice the fiber and twice 
the transmitters and receivers. Also, the 
more complex active repeating compo¬ 
nents run the risk of lower reliability 
than their passive counterparts. 

The active bus also suffers from 
edge jitter (deterioration) in the bit 
stream as it traverses each coupler. To 
ensure that each station maintains syn¬ 
chronism with an incoming bit stream, 
the edge jitter at the station input must 
be less than (approximately) ±18 ns. 
Independent of the number of active 
nodes, each coupler must reestablish 
the timing of each received packet be¬ 
fore sending it on to die next coupler. 
However, this causes a delay over and 
above the steady-state propagation 
delay between the receive and transmit 
fibers, which renders the CSMA/CD 


protocol ineffective. The longer the 
delay, die longer the frame length of a 
collision fragment for a fixed-length 
network, which adversely impacts the 
maximum distance permitted between 
two stations. 

Commercial fiber-optic Arcnet 
implementations are a specialized sub¬ 
group of the active bus; they are com¬ 
patible with existing coaxial installa¬ 
tions. While no speed increase can be 
realized, greater distances—up to 3-3 
km—can be achieved in addition to 
other fiber-optic advantages. 

Passive ring. A ring configuration is 
particularly suitable for optical-fiber 
transmission because data transfer is 
unidirectional. With this configuration, 
only single, not duplex, optical fibers 
are required between couplers. 

However, the negative aspects of 
the passive ring heavily outweigh its 
advantages for most applications. Al¬ 
though node failure need not bring 
down an entire network, a fiber break 
certainly will. Further, because signals 
are not regenerated in the passive ring, 
diis topology suffers from the same 
optical power budget and cost prob¬ 
lems as the passive-bus fiber-optic LAN. 
The number of nodes supported is 
likewise limited. The passive-ring topol¬ 
ogy also has a distinct problem in that 
once a signal is injected into the fiber, 
it circulates until completely attenuated, 
which introduces echoes onto the ring. 
Active ring. An active ring supports a 
large number of stations over a great 
distance because regeneration occurs at 
each node. However, an active ring 
exhibits the same coupler-delay and 
circuit-complexity problems as the ac¬ 
tive-bus fiber-optic LAN. Ring latency, as 
well as the application response-time 
requirements and the protocol used to 
control access to the network, deter¬ 
mine the maximum number of stations 
on the ring. 

The active ring is attractive for sev¬ 
eral reasons: its structural simplicity; 
the high-performance, medium-access 
algorithms that have been developed 
for it; and the sizable network it ac¬ 
commodates. An active-ring fiber-optic 
LAN holds the greatest growth potential 
in terms of speed and carrying capacity. 
ANSI X.3T9.5 specifies the active-ring 
topology in its first standards for a 
high-speed, wide-bandwidth, fiber-optic 
LAN. 

LIGHT IN THE FAST LANE 

FDDI’s most immediate impact is to 
focus attention on the capabilities of 
optical fiber. Companies planning to 
implement high-speed LANs in the 
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Compared to KnowledgeWare CASE tools 
the others look like toys 


Drawing diagrams on a screen sure beats 
pencils and plastic templates. And if drawing 
diagrams is all you want, just about any 
tool will do. 

But most people want a tool to assure 
high quality system specifications and designs. 
And hundreds of CASE users have “graduated” 
to KnowledgeWare’s intelligent CASE solution, 
the Information Engineering Workbench® 

(IEW). Here’s why: 

Dictionary-based tools can’t 
assure consistency 
Most CASE tools are dictionary-based. They 
store graphic components of diagrams (boxes, 
lines, arrows, etc.) in one file...and store 
descriptions separately in a dictionary. You have 
to create diagrams, manually describe what 
they mean, then manually link the descrip¬ 
tions to the diagram components. If you forget 
anything, the diagrams get out of sync with the 
dictionary. And this leads to inconsistent 
systems specifications and designs. 

KnowledgeWare’s Encyclopedia 
guarantees consistency 

KnowledgeWare tools interpret the actual 
meaning behind diagrams (object types, 
relationships, associations, etc.) and store that 
information in a single knowledge-based 
“Encyclopedia.” Request a diagram and our 
expert system draws it from stored knowledge. 
So it’s impossible for diagrams to be inconsis¬ 
tent with the Encyclopedia. 

KnowledgeWare software products are available from KnowledgeWare 
sales offices in the U.S. and from Arthur Young International member 
firms outside the U.S. Ohio Art’s Etch-A-Sketch* Magic Screen is 
available at toy stores everywhere. 


Keeps all diagrams up 
to date all the time 

The specification and design of computer 
systems requires iterative changes. And each 
change can impact many diagrams. With most 
dictionary-based CASE tools you must repeat¬ 
edly update every affected diagram, because 
each is an independent picture. 

It’s much easier with KnowledgeWare 
CASE tools. Each time you enter or modify 
information through a diagram, the expert 
system updates the Encyclopedia. And all 
diagrams automatically reflect current 
knowledge. 

Enforces the rules of computing 

Most CASE tools allow software engineers to 
specify and design systems that can’t be 
constructed. Their diagrams may have missing 
inputs, circular relationships, or outputs that 
go nowhere. 

KnowledgeWare’s realtime expert system 
automatically checks and enforces hundreds 
of logic rules. It calls attention to errors and 
inconsistencies. And it checks for completeness. 
All without limiting you to any particular 
methodology. This automatically assures that 
specifications and designs can be translated into 
real systems. 

Automatically redraws information 
in other formats 

A dictionary-based tool that stores diagrams as 
boxes, text, and arrows can reassemble those 
parts on the screen. But you only get back the 
same diagram that you put in. 

Since KnowledgeWare CASE tools store 
objects and relationships, you can display 
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that information in various ways. For example, 
use our Analysis Workstation to draw a Data 
Flow Diagram. The Analysis Workstation can 
then automatically construct the corresponding 
Process Decomposition Diagram. 

Provides a state-of-the-art 
user interface 

Most CASE tools have not kept pace with 
advances in user interface technology. Some 
may even require you to learn different 
interfaces in different parts of their product. 

KnowledgeWare workstation tools are 
mouse-driven with pull-down menus. You can 
view many diagrams and definitions at the 
same time in multiple windows - and in 
different colors. You can zoom in and out, 
nest diagrams, mask out distracting elements, 
and highlight the path of information through 
a number of diagrams. 

For more detailed information on 
KnowledgeWare’s Planning Workstation, 
Analysis Workstation, and Design Workstation, 
or any of our mainframe CASE tools, call 
1-800-338-4130 toll-free (in Georgia, call 
404/231-8575). 
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KnowledgeWare ! 

The world’s most 
comprehensive CASE tool set" 
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short term should certainly consider 
optical fiber as an alternative to 
copper-based media. 

Installing optical fiber now can 
mean significant savings if the com¬ 
pany’s plan is to migrate to FDDI 
within the next several years. Fiber¬ 
optic cable currently costs only slightly 
more that copper, and cable installation 
can end up being a significant percent¬ 
age of total network cost. Where op¬ 
tical-fiber cable is selected with an eye 
to FDDI, a ring topology should be 
implemented, using FDDI-compatible 
cable, preferably the industry-standard 
62.5-/xm core cable. 

The initial demand for FDDI is 
expected to be in backbone networks, 
but the demand is expected to increase 
dramatically when the costs of FDDI 
are reduced so that companies can af¬ 
ford to use it in front-end networks for 
workstations and microcomputers. Ini¬ 
tial FDDI networks will cost about 
$20,000 or more per node (including 
cable, couplers, cards, and other costs) 
but should drop to the $8,000 vicinity 
as demand and the benefits of mass 
production reduce per-unit overhead 
and costs, perhaps by mid-1989. FDDI 
will not be a widely implemented LAN 
topology until inexpensive PC boards 
are available. 

Today, more than 50 companies 
are working on FDDI—Fibronics Inter¬ 
national has already thrown its hat into 
the ring. Its system originally cost 
$70,000 to $100,000 per node—such 
high price tags have limited FDDI- 
comparable fiber-optic networks princi¬ 
pally to military installations, where 
high speed and superior security are 
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Pascal 


“The most rock-solid C compiler in the industry. Superb 
technical support and portability. 

Gordon Eubanks, Symantec—Q&A (386). 
“It simply works, with no trouble, no chasing strange bugs, and 
excellent warning and error messages ... a professional 
product." Robert Lerche, Bay Partners. 

"For large-scale software development,the highest quality C 
compiler available on the market today. Pragmas are great. 
Quality of support is exceptional." 

Randy Neilsen, Ansa —Paradox (DOS, OS/2). 
“15% smaller and 15% faster than Lattice C." 

Robert Wenig, Autodesk — AUTOCAD. 
“Our software is running anywhere from 30 to 50% faster than 
when compiled under Lattice.” D. Marcus, Micronetics. 
“Best quality emitted code by any compiler I've encountered. 
Often amazing." 

Bill Ferguson, Fox Software—FoxBase (386). 
“We found that messages sometimes pointed out type mismatch¬ 
es, incorrect-length argument lists, and uninitialized variables 
that had been undetected for years |in UNIX 4.2 bsd|." 

Larry Breed, IBM ACIS. 


essential. Such implementations are 
usually high-speed backbone networks 
interconnecting Ethernet and token-ring 
LANs based on lower-speed transmis¬ 
sion media. 

FDDI is expected to grow consid¬ 
erably over the next three to four 
years, concurrent with significant cost 
reductions as FDDI chip sets become 
commercially available. Semiconductor 
companies such as AMD, Intel, Fair- 
child, Motorola, and National Semicon¬ 
ductor reportedly are developing very 
large scale integration (VLSI) FDDI 
chip sets. 

AMD is the clear leader, having 
already developed its Supernet chip 
set, which consists of five chips that 
perform all necessary FDDI functions 
for each network node. Supernet is in 
beta test at numerous sites; the chip set 
is expected to cost about $625 in quan¬ 
tity, with an adapter card priced at 
about $5,000. 

Full commercial implementations 
of FDDI are expected by late 1989. 

This is critical for high-performance 
workstation manufacturers such as Sun 
and Apollo, for whom increased trans¬ 
mission speeds are essential to their 
next generation of workstations. 

Several companies that currently 
market fiber-optic networks are ex¬ 
pected to upgrade to FDDI within the 
next year or two. Among these are 
Proteon, FiberCom, and Chipcom. 

Proteon’s ProNET-80 was perhaps 
the first commercially available fiber¬ 
optic LAN to operate at speeds of up to 
80 Mbps. Based on the same star-ring 
architecture as the ProNET-10 system, 
this LAN relies on a 62.5-/xm optical 


fiber and connects as many as 240 
workstations. The company plans to 
offer an FDDI upgrade. 

FiberCom currently offers 
WhisperNet, an Ethernet on fiber-optic 
cable, which costs $895 to $2,500 per 
node. WhisperNet purchasers are 
promised full credit for the price of 
their current transceivers if they up¬ 
grade to FiberCom’s FDDI-compatible 
products, anticipated in mid-1989. 

Chipcom’s ORnet is a fiber-optic 
Ethernet that supports a 10-Mbps data 
rate and can connect more than 1,000 
nodes within 2.5 km without repeaters. 
The ORnet transceiver costs $545, and 
the star coupler is priced at $5,450. 
Chipcom is expected to migrate ORnet 
to FDDI once protocols are completely 
defined and chip sets are commercially 
available. 

The FDDI standard supports high¬ 
speed, high-capacity applications that 
cannot be supported by LANs using 
other transmission media and older 
IEEE protocols. FDDI is the first stan¬ 
dard that is based on the unique char¬ 
acteristics of optical fiber. 

As fiber-optic network compo¬ 
nents, such as connectors and laser 
diodes, become more reliable, demand 
will continue to increase and prices 
will continue to drop. These events will 
encourage many more applications to 
exploit the unique talents of optical 
fiber. I jlmmim ffil 


Alan Wu is a staff engineer with Honeywell 
Bull Inc. in Billerica, Massachusetts, where 
his responsibilities include performance mea¬ 
surement, analysis, and evaluation of net¬ 
works and data communications softivare. 



Sun, Apollo, SGI, 
8086-286, RT PC, 
VAX, 370, 29000 


Check Out These Reviews 

• High C ™: 

Computer Language February 1986, '87 

Dr. Dobb's Journal August 1986 

PC Magazine Jan. 27, 1987 (80386) 

Dr. Dobb's Journal July 1987 (80386) 

BYTE Magazine Nov. 1987 (80386) 

• Professional Pascal ™: 

PC Magazine Dec. 29, 1985 

Computer Language May 1986 

PC Tech Journal July 1986 

J. Pascal, Ada & M-2 Nov.-Dec. 1986 

BYTE Magazine Dec’86,Jun'87(80386) 

A Partial List of Optimizations 

Common subexpression and dead-code elimination, constant folding, 
retention and reuse of register contents, jump-instruction size minimization, 
tail merging (cross jumping), short-circuit evaluation of Boolean 
expressions, fast procedure calls, strength reductions, and automatic 
mapping of variables to registers,... 


Power Tools for Power Users 


AshtonTate: dBase III Plus, MultiMate; Autodesk: AUTOCAD. 
AUTOSKETCH (8087,387. Weitek): Boeing Computer Services 
(Sun); CASE Technology (Sun): CAD/CAM giant Daisy Sys¬ 
tems Corporation (’86, ’386, VAX); Deloitte Haskins & Sells; 
Digital Research: FlexOS; GE; IBM: 4.3/RT, 4680 OS. Lifetree 
Software (Pascal): Volkswriter Deluxe, GEM-Write; Lugaru: 
Epsilon; NYU: Ada-Ed; Semantec: Q&A; Sky Computers;... 
(Product names are trademarks of the companies indicated.) 

(408)429-6382 Since 1979. 


fflafa 



UJara 


TM 


INCORPORATED 

903 Pacific Avenue, Santa Cruz, CA 95060 


The Clear Choice for Large 
Programming Projects - pc Tech j. 
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While dBASE Promises Y)u The Moon, 

Clipper Delivers. 


Right now, while others dream about 
the database of the future, you can be 
using it today to create applications of 
unparalleled sophistication. With Clipper" 1 
— the most powerful and complete 
database development system for PCs. 

Open the Clipper box and you’ll 
find the enhancements dBASE"" has been 
promising. And some it hasn’t. 

Such as: a remarkable development 
language that takes you way beyond 
dBASE® emulation, with enhanced commands and entirely new 
language extensions. A unique open architecture which gives 
you the flexibility to create and easily integrate user-defined 
functions in C, Assembler, Clipper, and still other languages. 
The speediest-ever dBASE compiler, yielding applications up 
to 20 times faster. And that’s just for starters. 

Clipper also provides the most capable menu-driven 
debugger to be found anywhere, as well as half a dozen 
modifiable utilities to further reduce development time. 

There’s source code security, too, plus sophisticated 
record and file-locking capabilities that make networking 

Copyright © Nantucket Corporation, 1988. All rights reserved. 

Nantucket and Clipper are registered trademarks of Nantucket Corporation. dBASE is a registered trademark 
and dBASE III PLUS and dBASE IV are trademarks of Ashton-Tate Corporation. 


applications easier to create. 

And once you have created them, 
Clipper gives you an equal measure of con¬ 
trol over distribution by creating .EXE 
files — there are no runtime modules, 
licensing or royalty fees, or additional soft¬ 
ware requirements. You can even add 
stations to a network without adding to 
your costs. 

All of which adds up to the 
most powerful and flexible database 
development system today. 

Why settle for the moon when you can reach for the stars? 
Call (213) 390-7923 today, and we’ll send you a free demo 
diskette and a very informative booklet, Developing and 
Compiling in Clipper. The dBASE development system that’s 
not just one small step.. .but a giant leap forward in pro¬ 
gramming power. 

Clipper 8 

Nantucket Corp., 12555 W. Jefferson Blvd., Los Angeles, CA 90066 
Telex: 650-2574125 Fax: 213-397-5469 



Clipper 11 

3695* 

dBASE III 
PLUS™ 
3695* 

dBASE IV™ 
Developers Ed. 
31295* 

A true compiler 

Yes (1984) 

No 

??? 

User-defined 

functions 

Yes (1984) 

No 

Promised 

Arrays 

Yes (1985) 

No 

Promised 

VALID function 

Yes (1985) 

No 

Promised 

Improved 
Execution Speed 

Yes (1984) 

No 

Promised 

Link in Other 
Languages 

Yes (1984) 

No 

Promised 

Null Character 
Support 

Yes (1987) 

No 

No 


“Suggested retail price 
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Shells that developers embed in conventional software — 
such as Neuron Data’s Nexpert Object—are the next step in 
the progression of expert-system applications. 

TOM ARCIDIACONO 


xpert systems have long been 
considered the most immediately 
practical application within the ac¬ 
ademically inclined field of artificial in¬ 
telligence (AI). To make these systems 
even more attractive, vendors intro¬ 
duced expert-system shells, which re¬ 
duce the time and cost of development 
and open up AI systems to a wide 
range of non-AI specialists. The latest 
approach that holds the most promise 
for the foreseeable future is expert- 
system shells that developers integrate 
into conventional software. 

One product that has been particu¬ 
larly successful is Neuron Data’s Nex¬ 
pert Object, a powerful hybrid rule- 
and frame-based shell originally devel¬ 
oped for the Macintosh but available 
for the PC since November 1986. A 
developer can embed Nexpert beneath 
the covers of conventional software to 
provide an internal decision-making 
capability that otherwise would be im¬ 
possible. Conclusions reached by Nex- 
pert’s inference engine can trigger ex¬ 
ternal programs and, conversely, exter¬ 
nal programs can initiate the Nexpert 
inferencing process. 


Delivered as a set of C functions, 
Nexpert can be integrated into pro¬ 
grams written in a variety of languages, 
such as Ada, FORTRAN, C, and Pascal, 
and the system can directly access pop¬ 
ular relational databases (Oracle Corpo¬ 
ration’s oracle, Relational Technology 
Inc.’s Ingres, and Sybase Inc.’s Sybase) 
via Structured Query Language (SQL) 
queries, Ashton-Tate’s dBASE in plus, 

Lotus 1-2-3, and, in the near future, V.I. 
Corporation’s DataView Graphics. 

Developers access Nexpert through 
an easy-to-use Microsoft Windows inter¬ 
face for interactive development and 
can customize Windows interfaces for 
interactive applications. 

Sophisticated expert-system shells 
often allow developers to design expert 
systems that are so complex that even 
their creators have difficulty under¬ 
standing the potential interactions be¬ 
tween knowledge structures. Nexpert 
lessens this problem with a utility that 
clearly displays intricate relationships 
between rules and frames, decreasing 
development time and allowing systems 
to be developed that otherwise would 
be too complex to debug. 


Nexpert’s competitive success, 
however, is due only in part to its C 
library and its windowing capabilities. 
Equally important, Nexpert is a sophis¬ 
ticated, full-featured expert-system shell 
competitive with higher-priced main¬ 
frame packages. Nexpert’s comprehen¬ 
sive inheritance scheme gives the de¬ 
veloper greater control over the in¬ 
ferencing process than many other ex¬ 
pert-system toolkits. The shell supports 
inheritance of frame-based knowledge 
downward through the rule base in the 
traditional manner (from parent to 
child) as well as upward (from child to 
parent), and it allows the developer to 
dynamically alter the inference strategy. 

Neuron Data designed the shell 
for both knowledge engineers experi¬ 
enced with shell use as well as domain 
experts (specialists in a particular field) 
with no previous AI experience, al¬ 
though in practice, it is a sophisticated 
tool more appropriate for experienced 
users. The Nexpert developer, however, 
does not need to know LISP, a possible 
advantage over Gold Hill’s rival prod¬ 
uct, GoldWorks (for a review of this 
product see “The Age of GoldWorks,” 
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Ken Levine, May 1988, p. 68). Nexpert 
is a good choice for developers famil¬ 
iar only with traditional languages. 

Although sometimes mistakenly 
called a midrange tool, Nexpert has the 
facilities of high-end mainframe sys¬ 
tems, such as IntelliCorp’s Knowledge 
Engineering Environment (KEE) and 
Inference Corporation’s Automated Rea¬ 
soning Tool (ART), but without the 
high-end price. Nexpert configured for 
the IBM PC/AT costs $5,000. Unlike 
more expensive competitors, systems 
designers can develop and deliver Nex¬ 
pert applications on a wide variety of 
hardware, including the IBM PC and 
PS/2 (both 80286 and 80386), IBM 
RT PC and mainframes, Macintosh II 
and SE, Sun and Apollo workstations, 
and the entire DEC VAX line. Expert 
systems developed under Nexpert on 
one system can be ported easily to 
other Nexpert environments. 

The PC version of Nexpert re¬ 
quires an IBM PC/AT with at least 
640KB of RAM (2MB recommended), a 
minimum of 1MB on a hard-disk drive, 
and a 1.2MB diskette drive. Other hard¬ 
ware requirements are an EGA and 


monitor, a bus or serial mouse (Micro¬ 
soft or Mouse Systems recommended), 
and an expanded-memory board (2MB 
of RAM recommended). A runtime ver¬ 
sion of Microsoft Windows is needed. 

Although the program diskettes are 
not copy protected, Nexpert includes a 
hardware device that prevents illegal 
use of the product. The device fits into 
a serial port and is invisible to other 
peripherals using the port. Nexpert 
occasionally checks the device for a 
unique serial number; if it detects that 
the hardware device is missing, Nex¬ 
pert ceases running and exits to DOS. 

Many companies large and small 
have adopted Nexpert. Engineers at 
Martin Marietta designed a Nexpert 
application for NASA that runs on an 
AT and helps scientists evaluate coat¬ 
ings used to prevent frost build-up and 
to protect the quality of fuel in space 
shuttle external tanks, comsat devel¬ 
oped and is now using a Nexpert-based 
system to help its operations staff con¬ 
figure thrusters on orbiting intelsat v 
spacecraft. The flexibility of the infer¬ 
ence process was a prime considera¬ 
tion for the comsat developers. 


FRAMES OF MIND 

The developer starts Nexpert as a 
Microsoft Windows application. A full¬ 
screen window with a pull-down menu 
bar across die top allows the developer 
to navigate the shell with selections 
such as the following: Edit, to access 
editing windows for knowledge ele¬ 
ments such as rules; Expert, to load 
knowledge bases, start the inference 
process, or change the inference strat¬ 
egy; Inspector, to display the knowl¬ 
edge base graphically; and Report, to 
access information about the status of 
inferencing and knowledge structures. 

The Encyclopedia option retrieves 
lists of existing rules, data, hypotheses, 
objects, classes, and properties in the 
form of alphabetically indexed pages, 
and the Windows option allows the 
developer to control the display of 
windows. Any windows that have been 
created on the screen can be moved 
simply by dragging or explicitly moving 
them anywhere on the screen. The 
windows automatically created by Nex¬ 
pert are often positioned so that part 
or all of the information they contain is 
obscured. Repositioning can be distract- 
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ing and time-consuming, but the advan¬ 
tages of the graphics interface outweigh 
its drawbacks. 

A developer can create expert sys¬ 
tems containing both rules and frames. 
Frames, which are called classes in 
Nexpert terminology, order knowledge 
about concepts, and rules reason about 
those concepts. 

Small, rule-based systems store 
knowledge about a particular area of 
expertise (domain) in If . . . Then 
rules. In some applications, however, 
the amount of knowledge in the do¬ 
main is so massive that the developer 
would have to create and enter a large, 
unmanageable number of rules. The 
inference engine, the heart of all ex¬ 
pert systems, can slow to a snail’s pace 
when searching through an extremely 
large rule base. 

To reduce this search problem, a 
Nexpert developer can link rules into 
related sets called knowledge islands 
and can store knowledge about a large, 
complex domain in classes. These are 
templates that provide a general de¬ 
scription of a category of items in the 
domain. Specific instances of each item 
are called objects. 

Nexpert uses rules to reason about 
objects and classes. Thus, developers 
can integrate the two representation 
methods and customize the inference 
process for specific application needs. 
(See “Computerized Reasoning,” Tom 
Arcidiacono, May 1988, p. 44, for a re¬ 
view of both reasoning systems.) 

Rules. A developer structures Nexpert 
rules much the same way as in other 
shells. The left-hand side (LHS) of the 
rule is composed of one or more ante¬ 
cedent (if) clauses, which are called 
conditions in Nexpert. The right-hand 
side (RHS) consists of one consequent, 
called a hypothesis in Nexpert, that can 
be true, false, or unknown, and op¬ 
tional actions that occur whenever the 
hypothesis is true. Figure 1 shows sev¬ 
eral rules from a sample resource¬ 
scheduling application developed spe¬ 
cifically for this review to test Nexpert’s 
capabilities. (For an explanation of PC 
Tech Journal's criteria for evaluating 
expert-system shells, see “Elements of 
Expert System Shells,” Maxine Fontana 
and Jordene Zeimetz, May 1988, p. 63.) 

As in other rule-based systems, the 
Nexpert developer can express disjunc¬ 
tive (OR) conditions with two rules 
pointing to the same hypothesis. When 
all conditions are true, the hypothesis 
is true and the actions are enabled. To 
assist the developer in structuring the 
knowledge base, the shell automatically 
creates and enters objects for each con- 


FIGURE 1: Sample Rules 


RULE 1 

IF Speci al_equi pment_requi red 

THEN Al locate_more_money_for_equipment 

EXECUTE RecalculateBudget 3STRING=AItasks 

RULE 2 

IF Proj ect_requires_caleulations 

THEN Anticipate_number_crunching 

LET Project_x.development_language FORTRAN 

RULE 3 

IF P ro j ec t_requires_AI 

THEN Anticipate_symbolic_declarative_language 
LET \Project_name\.development_language 
LISP 

RULE 4 

IF IS \Project_name\.type classified 

THEN Clearance_needed 

LET Requirements.clearance classified 

RULE 5 

IF YES Project_needs_definition 

THEN Project_name 

EXECUTE Pro j ect_definition_tasks 

RULE 6 

IF IS <Employees>.assignment none 
EQUAL <Employees>.language 
\Pro j ect_name\.development-1anguage 

THEN Resources_available 

LET <Employees>.assignment tentative 

RULE 7 

IF Yes Clearance_needed 

IS <Employees>.assignment tentative 
EQUAL <Employees>.clearance 
requirements.clearance 

THEN Team_selection_finished 

LET <Employees>.name project_name 


The left side of the rules from the 
resource-scheduling application shows 
the elements of Nexpert rules. These 
rules contain one or more conditions 
that, when satisfied, cause the hypoth¬ 
esis on the right side to be true so 
that prescribed actions can occur. 


dition, hypothesis, and action of each 
rule. The developer later can place the 
objects into classes and add other fea¬ 
tures of hypothesis variables to pro¬ 
duce a hybrid expert system. 

As with all shells, the developer 
must design the Nexpert rule base with 
inferencing in mind. Each rule must 
have at least one hypothesis that is a 
condition in other rules, and some 
rules must include conditions that are 
hypotheses in other rules. 

Rules that share data or hypothe¬ 
ses are strongly linked into knowledge 
islands, a simple way to control the 
portion of a knowledge base on which 
inference occurs. 

A Nexpert developer also can de¬ 
fine weak links —relationships between 
rules that do not share conditions or 
hypotheses. The inference engine ex¬ 
amines the hypothesis of a rule joined 


to another by a weak link during the 
backward- or forward-chaining process, 
even if the hypothesis does not appear 
as a condition in the set of rules under 
investigation. Inferencing continues on 
both sets, as if evidence for the weakly 
related rule had been obtained. Such 
shortcuts add a new dimension to in¬ 
ferencing by allowing investigation of 
sidetracks in the same way that humans 
often approach complex problems. The 
developer establishes a weak link with 
another rule by using the Context Edi¬ 
tor to attach explicit information (the 
hypothesis of the rule to be linked) to 
the RHS of a rule. 

In most expert systems, creating or 
dynamically modifying weak links is 
usually impossible. But, with Nexpert’s 
Inspector, a facility for viewing the 
knowledge base, the developer can 
browse a diagram of the rule network 
to examine and dynamically modify the 
weak links between rules (see photo 
1). Weak links are represented by 
dashed lines, and strong links by solid 
lines. Moreover, unlike other systems 
that provide an execution trail of rules 
only as they fire, Nexpert displays 
rule-based relationships even before 
inference begins. 

Another Nexpert feature not found 
in many shells is constraint propaga¬ 
tion , which allows the developer to 
define structures in a knowledge base 
that depend in some way on the values 
of other structures. One example of 
such a constraint taken from the re- 
source-scheduling application could be 
assigning team size for a project based 
on the project length. For example: 

IF Project__duration_.changed 
THEN Hypothesis_X 

DO 2 + ((l/Project_length_wks) * 10) 
Team__size 

If a two-week project had to be fin¬ 
ished in one week, management could 
assign extra members to the team. Nex¬ 
pert will automatically fire this sample 
rule and recalculate Team__size when 
Project_length_wks changes. There¬ 
fore, Nexpert automatically maintains 
the constraint that Team_size is de¬ 
fined in terms of the current value of 
Project_length__wks. This kind of rela¬ 
tionship is common in many applica¬ 
tions, although usually difficult to de¬ 
fine and maintain. In some systems, the 
developer must write demons (callable 
functions) to handle constraints. 

Nexpert cannot handle uncertain 
data as well as it deals with constraints. 
Although the system can reason with 
uncertain data, Nexpert does not have 
any built-in certainty calculations. A 
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PHOTO 1: Nexperfs Inspector 



The Inspector, one of Nexpert’s most sophisticated features, 
allows the developer to browse the rule or object base at 
any time. Rules that share elements (connected by unbro¬ 
ken lines) indicate a strong link; rules associated by con¬ 
text (connected by dashed lines) indicate a weak link. 


PHOTO 21 The Rule Editor 



Nexpert’s interactive Rule Editor allows operators (such as 
IS or EQUAL) and actions (such as LET or EXECUTE) to be 
selected from pop-up menus available by pressing the 
right-hand mouse button; expressions are typed in. Rule, 
Data, and Hypothesis notebooks can be displayed. 


developer must use the normal rule 
syntax to define probability calculations 
and test any needed confidence values , 
or numbers that represent the certainty 
of data. For example: 

IF Yes Evidence_for_a__theoryA 
< = Confidence_theoryA — 1 
> = Confidence_theoryA + 1 
THEN TheoryB 
DO Confidence_ theoryB + 

(1 - Confidence_theoryB) * 

(.08 * Confidence_theoryA) 
Confidence_ theoryB 

In this case, the system must explicitly 
test the confidence in theory A and 
must explicitly calculate the confidence 
in theory B if used later. (The devel¬ 
oper could define a function to per¬ 
form the calculations, making the rule 
less cluttered.) 

This method of supporting proba¬ 
bilistic reasoning places too much re¬ 
sponsibility on the developer for de¬ 
tails that are difficult to maintain con¬ 
sistently. Nexpert should provide de¬ 
fault functions as well as user-defined 
probability functions. 

Classes and objects. Nexpert, like other 
hybrid shells, takes an object-oriented 
approach using a hierarchy of both 
classes and objects. Each class has a 
name, lists of subclasses, and proper¬ 
ties; each object has a name, a list of 
classes to which it belongs, a list of 
subobjects from which it is constructed, 
and properties. The properties of Nex¬ 
pert classes and objects (like those of 
frames and instances) describe the 
characteristics of the class and object. 


Property slots hold values; the property 
Employees_languages, for example, 
could hold the values C, FORTRAN, 
Pascal, or Ada. 

Figure 2 shows the internal struc¬ 
tures of classes and objects in the sam¬ 
ple application and their relationships. 
The Employees class lists characteristics 
(properties) of a typical employee 
(such as Name and Languages) along 
with default values. The object, Joe- 
Smith, is an instance of Employees be¬ 
cause it refers to a specific employee. 

The developer can assign property 
values to an object, such as FORTRAN 
for the Languages property of an em¬ 
ployee’s object. Nexpert also can assign 
a value on the fly during inferencing; 
or values can be inherited from other 
objects or the class. In the Employees 
class, for example, the property 
Security_clearance might have the 
value 1 (if all programmers in the de¬ 
partment must have low-level clear¬ 
ance), while the property Assignment 
might be empty. 

In fact, one of Nexpert’s most im¬ 
portant features is its hierarchical net¬ 
work of classes and objects that sup¬ 
ports downward inheritance (inheri¬ 
tance of property values from parent 
class or object to child), upward inheri¬ 
tance (inheritance of property values 
from child to parent), and multiple 
inheritance (inheritance of property 
values from multiple classes or ob¬ 
jects). Objects inherit default property 
values from the class unless the devel¬ 
oper assigns them values or the infer¬ 
ence engine concludes values for them. 


The developer can customize the 
source and timing of inheritance (and 
inference) by attaching information to 
the property using meta-slots . These 
are system properties the developer 
defines for each property of a class 
or object. Nexpert allows as many as 
seven meta-slots for each property. 

When an object can inherit a prop¬ 
erty value from more than one class or 
parent object, for example, the devel¬ 
oper uses the property’s inheritance 
category to specify which parent has a 
higher priority. The Inheritability meta¬ 
slot controls whether or not other ob¬ 
jects can inherit a given property. With 
the If-change meta-slot, the developer 
defines functions (demons) for the sys¬ 
tem to perform whenever the value of 
a property is changed; the Prompt-line 
meta-slot provides a prompt string for 
user-entered values. 

The Nexpert developer also can 
place each property in a particular in¬ 
ference category to prioritize data for 
consideration during inferencing using 
the Inference Category meta-slot. The 
default for this category causes the in¬ 
ference engine to evaluate rules con¬ 
taining the property value in order of 
entry. Developer-defined priorities can 
resolve conflicts when two rules are 
true simultaneously. 

When Nexpert encounters an un¬ 
known property value, the Order-of- 
sources meta-slot determines how to 
proceed. If the object’s property is in a 
rule the system currently is testing but 
the value of the property has not yet 
been determined, Nexpert has five al- 
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NEXPERT OBJECT 

ternatives: query the user, call an exter¬ 
nal procedure, search a database, use a 
default value stored in the object, or 
inherit the value from another class or 
parent object. 

In Nexpert, developers can use 
property values in rules with the syn¬ 
tax, <object>.property. A Nexpert rule 
from the resource-scheduling applica¬ 
tion, for example, could use the de¬ 
fined objects in the following way: 

IF Is <Joe-Smith>.language FORTRAN 

THEN Engineering_project 

Nexpert also accepts classes in 
rules, similar to the way it uses objects. 
Rules that use classes are much more 
powerful because they can reason 
across the entire class without knowl¬ 
edge of specific objects or values 
within the class. Assume, for example, 
that a rule is needed to determine 
whether any programmers have secu¬ 
rity clearances less than level 2, and to 
disqualify them from a project by set¬ 
ting their Project_status property value 
to “Disqualified.” 

One method of accomplishing this 
is to create a separate rule for each 
employee object in the Employees 
class. A more efficient method uses 
classes within rules. The developer 
does not need to encode specific 
knowledge about all the members of 
the class. (This might be impossible 
anyway, because objects and classes can 
be created and destroyed dynamically 
in Nexpert.) Nexpert supports the fol¬ 
lowing syntax: 

IF <Employees>.clearance 2 
THEN Let <Employees>.Project__status 
“Disqualified” 

Thus, the project status of any em¬ 
ployee objects whose security clearance 
is less than level 2 will be set to “Dis¬ 
qualified.” The system then uses ob¬ 
jects found on the LHS of the rule in 
the assignment on the RHS, similar to 
the way in which Prolog can instantiate 
variables in one part of a clause and 
use them in a subsequent part. 

Substituting classes for objects is 
called pattern-matching in Nexpert, 
because the rule actually is trying to 
match specific object names against the 
more general pattern provided by the 
class name. Nexpert, however, cannot 
duplicate the type of true pattern¬ 
matching that is possible in LISP-based 
tools. For example, developers cannot 
easily implement natural-language pro¬ 
gramming using Nexpert. The system 
cannot easily read a sentence of text as 
input and then fire rules on general 
patterns of text within the sentence. 


FIGURE 2: Classes, Objects 


CLASSES: 

Projects 

Type: (default = classified) 
Description: 

Proj ected_team_size: 

Duration: 

Start_date: 

Deadline: 

Budget: 


Employees 

Name: 

Assignment: (default = none) 

SS#: 

Languages: 

Vacation_period: 

Performance_rating: 

Security_clearance: 

Sex: 

Date_of_hire: 

Project_status: 

OBJECTS: 

Project_X 

Name: Hydrodynamic_Vehicles_Project 
Type: Secret 

Description: "Preparation of software 
to analyze designs for vehicle compo¬ 
nent prototype. Anticipate use of AI 
and numerical analysis techniques." 
Projected_team_size: 2 
Anticipated_development_language: LISP 
Start_date: 890103 
Deadline: 890701 
Budget: 270000.00 


Joe-Smith 

Name: Joseph Hilary Smith 
Assignment: 

SS#: 555 12 1234 
Languages: C 

Vacation_period: 890115 - 890201 
Performance_rating: 5 
Security_clearance: 5 
Sex: Male 

Date_of_hire: 830101 
Project_status: 


Christine-Flynn 

Name: Christine Margaret Flynn 
Assignment: 

SS#: 555 44 4321 
Languages: LISP 
Vacation_period: none 
Performance_rating: 8 
Security_clearance: 1 
Sex: Female 
Date_of_hire: 880601 
Project_status: Disqualified 

In Nexpert, templates that provide 
general information about items in 
the domain are called classes, specific 
instances of each item are objects. 
Both are further characterized by 
properties, which may have values 
and meta-slots (directions for behav¬ 
ior) that are associated with them. 


Nexpert allows rules to use values 
of properties to access other objects 
and properties. Suppose, for example, 
diat the object Engineering_project is 
defined together with the property 
Anticipated_development__language 
and the following rule: 

IF Is “ ”\Current_project.type\. 

Anticipated_development_language 

FORTRAN 

THEN Need_80387_coprocessor 

First, Nexpert Object will evaluate 
Current_project. type and then use its 
value as the object reference for the 
Anticipated_development_language 
property. If Current_project has a type 
value of Engineering_project, then 
Nexpert will use the value of the 
Anticipated_development_language 
property for the Engineering_project 
object for the test. 

The CreateObject operator dynami¬ 
cally creates and eliminates objects, 
modifies objects, or establishes hier¬ 
archical relations with additional 
classes. The following rule, for exam¬ 
ple, causes the object My_PC to be an 
instance of LISP_machine as well as 
PC_class, allowing it to inherit the 
additional properties of objects in the 
new class: 

IF Yes LISP_board_added_to_PC 

THEN PC__now_LISP_machine 

THEN CreateObject My_PC LISP__machine 

The CreateObject operator is a 
powerful and unique way to build 
frame lattices because the developer 
can give objects multiple parents from 
which to inherit properties and values. 
Runtime systems have the power to 
control inheritance by dynamically es¬ 
tablishing these relations between ob¬ 
jects and through inference categories. 

Because it is a highly interactive 
system, Nexpert does not insist on hav¬ 
ing complete definitions of frame-based 
information. Instead, the Nexpert sys¬ 
tem supports an incremental, interac¬ 
tive approach to building knowledge 
structures. The developer often defines 
meta-slots, for example, late in the de¬ 
velopment cycle during debugging of 
the inference process. 

SEEING IS BELIEVING 

The sample application, developed for 
this article, is designed to assist man¬ 
agement in scheduling resources in a 
large corporation. It is a good example 
of an expert system that uses both 
rules and classes. 

A common task in contract pro¬ 
gramming shops is the assignment of 
software engineers to projects. After 
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PHOTO 3: The Class and Object Editors 


Moving and sizing windows allows several windows to be 
displayed on the screen simultaneously. Developers enter 
both classes and objects interactively in Nexpert, using an 
editor that presents an appropriate screen. 


PHOTO 4: Changing Inferencing Strategies 



Another high-end feature that distinguishes Nexpert is its 
inference flexibility. Developers can assign default strategies 
for inferencing during development but can change these 
interactively at any time using the Strategy menu. 


becoming familiar with the require¬ 
ments of a project, the manager or 
project leader chooses members of a 
development team according to factors 
such as general experience, expertise 
with specific languages or tools, and 
availability. 

A manager also must consider less 
tangible factors such as the ability to 
work with other members of the devel¬ 
opment team, preference, corporate 
policy, appearance, temperament, and 
past performance. In a large organiza¬ 
tion with many pending projects and 
large numbers of personnel, this sched¬ 
uling task can be immensely complex 
and expensive. 

A well-designed expert system 
could provide cost-effective assistance 
with this process. Using several sources 
of data—including personnel records, 
past project histories, and project de¬ 
scriptions—and applying a set of rules 
that captures the expertise of a human 
scheduler for considering all factors af¬ 
fecting the assignment, the expert sys¬ 
tem could suggest appropriate pro¬ 
grammers for specific tasks. Figures 1 
and 2 show a sample of the rules, 
classes, objects, and properties from 
the sample application. 

Objects in the Projects class have 
eight properties but could have others 
if they also are members of other 
classes. Objects in the Employees class 
have ten properties. 

Two objects (Joe-Smith and Chris- 
tine-Flynn) are instances of the Employ¬ 
ees class, and the object (Project_X) is 
an instance of the Projects class. In 
Nexpert objects, property values (such 


as Name and Performance_rating) can 
have only string, numeric, or Boolean 
data types (they cannot be lists). This is 
a liability in some cases. Because some 
programmers are proficient with more 
than one language, for example, it 
would be convenient to keep a list of 
primary languages attached to each 
Employee object. Unfortunately, Nex¬ 
pert forces the developer to solve this 
problem, although Neuron Data plans 
to address this in future versions. 

One way to work around this in¬ 
ability to use lists in properties is to 
keep the list in a string, although the 
developer must provide appropriate 
functions to operate on the string. A 
slightly more complex (and less effi¬ 
cient) alternative is to create an object 
called Primary_languages containing as 
many subobjects as there are languages 
in the list. Each subobject would have 
the value of one language. 

Nexpert’s inheritance scheme is 
one reason the system is a good choice 
for developing a resource-scheduling 
application. Classes and objects in the 
sample application can use downward 
inheritance to inherit property values 
from the objects and classes of which 
they are a part. 

If the project requires three dis¬ 
tinct phases for completion, for exam¬ 
ple, the Nexpert developer can create 
three subobjects for the project with 
die same properties as the project it¬ 
self. Each subobject can inherit the 
value of the project’s Type property 
from the parent object. In fact, any of 
the project properties whose Order-of- 
sources meta-slot is given die value 


Inheritable-down will be assigned to 
the corresponding properties of the 
subobjects. 

Upward inheritance is a very pow¬ 
erful tool because it enables some fea¬ 
tures of objects to be determined 
largely by the features of the subob¬ 
jects, instead of the other way around. 
Nexpert is one of the few shells to 
offer this feature. 

The developer can achieve upward 
inheritance in a similar way to down¬ 
ward inheritance by setting the Order- 
of-sources meta-slot for a property to 
Inheritable-up. The object Project_X, 
for example, could inherit a Type value 
from any of the subobjects whose Type 
property has Inheritable-up as the 
value of its Order-of-sources meta-slot. 
Because of this complex inheritance 
structure, Nexpert rule bases are much 
more difficult to read than those of 
simpler systems such as Texas Instru¬ 
ment’s Personal Consultant Plus (for a 
review of the latter product, see “So¬ 
phisticated Expert,” Susan J. Shepard, 
July 1988, p. 106). Nexpert developers, 
however, can see the relationships by 
using the Inspector. 

The developer can write simple 
rules such as Rule 2 in the resource¬ 
scheduling application, which con¬ 
cludes that number crunching will be 
needed if the project requires calcula¬ 
tions. More complex rules, such as 
Rule 5, dynamically create an object to 
contain all of the property values of the 
project under consideration by execut¬ 
ing an external subroutine to create a 
new object based on that name and 
give values to some of the object’s 


118 


PC TECH JOURNAL 

























































































































COMPAQ; SUN,'UNISYS, HR 
NCR, AND TANDYALL HAVE 
A POWERFULWEAPON 





In the computer industry, every manufacturer also fully compatible with the broadest range of 
wants to build their machines so fast, powerful, software available today, and the software that’s 

and easy to use that it gives them an edge on the coming tomorrow Which is why the 386 chip has 

competition. So at first, it seems surprising that become the common denominator in computing, 
these intense competitors all use the same chip: So if you’re buying a new computer, make sure 

Intel’s 386'“ microprocessor. it has an Intel 386 chip inside. Because in today’s 

But when you think about it, this chip not only tough business environment, it’s good to know the 
gives their machines blazing performance. It’s ultimate weapon is sitting on your desk. 

irry 

© 1988 Intel Corporation.Trademarks/Ov.-ner:COMR\Q/Compaq Computer Corporation; SUN/Sun Microsystems Inc,; Unisys is a registered trademark of Unisys Corporation; NCR/NCR Corporation; H-P/Hewlett Packard; TandyUandy Corporation. 386 is a trademark of Intel. 
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properties wherever possible. The 
CreateObject operator achieves the 
same result. 

Other rules can set an object’s 
property value. In Rule 3, for example, 
the project object’s property value, 
Development_language, is set to LISP 
when the system discovers evidence 
that project programmers will need in 
order to use AI. 

The developer also can use pat¬ 
tern-matching in rules to create a list of 
objects with given properties on the 
LHS of a rule and use the list on the 


RHS, as illustrated in Rules 6 and 7. 
Rules also can call external routines. 
Rule 1 calls a routine to recalculate the 
budget if the project will require spe¬ 
cial equipment. The string value Altasks 
(set previously) is passed to the routine 
that updates the Budget property of the 
Project_X object. 

External routines in the LHS of a 
rule can provide data and return either 
a true (1) or false (0) value to the in¬ 
ference engine. A rule can test, for ex¬ 
ample, to see whether a particular key 
word appears in the project object’s 


Description property and, if so, can 
confirm an hypothesis regarding the 
anticipated development language. The 
system passes the project’s description 
string as an argument to the external 
routine (or executable file). 

The external routine cannot return 
values other than true or false directly 
to the LHS of a rule. One way to get 
around this limitation is to create a 
new object from the routine and assign 
the value to the new object. 

Although returning lists of values 
for assignment or use by a correspond¬ 
ing list of objects is often useful, Nex- 
pert does not permit external routines 
to return lists. To return lists, the de¬ 
veloper must create a new object for 
each list item. However, the system can 
pass a list of objects created by pat- 
tern-matching to an external routine. 

Rule 6 selects all of the objects of 
the Employees class whose Assignment 
property has the value none (employ¬ 
ees not yet assigned). Then the rule 
selects only those objects whose Lan¬ 
guage property is the same as the proj¬ 
ect’s development language. This pro¬ 
cess is analogous to the creation of a 
selection set with database query lan¬ 
guages such as SQL. The RHS of Rule 6 
assigns a value to the Assignment prop¬ 
erty of each object in the previously 
created list. 

Knowledge islands focus the infer¬ 
ence engine on specific sets of rules; 
weak links relate rule sets. The devel¬ 
oper created a weak link between Rule 
3 and Rule 1, for example, because 
projects using LISP sometimes require 
special computer equipment or soft¬ 
ware support. When Rule 3 fires, it 
confirms that the project requires a 
symbolic language and specifies 
through the weak link that the system 
should investigate Rule 1. The infer¬ 
ence engine uses backward chaining in 
order to look for the rules confirming 
Allocate__more_money_for_equipment. 

The group of rules explored as a 
result of the backward chaining on 
Rule 1 forms another knowledge is¬ 
land. Although the project may not re¬ 
quire special equipment, the inference 
engine will explore the hypothesis be¬ 
cause Nexpert inferred that LISP should 
be the development language. Shells 
that do not support weak links would 
be less efficient at finding the proper 
sequence of inferences to occur. 

Nexpert rules can retrieve data 
from existing databases either to query 
the information or to map it into ob¬ 
jects. If information about each em¬ 
ployee is in a dBASE in plus database, 
Nexpert can map information from 


HOW TO GIVE YOUR 
COMPANYA PIECE 
OF YOUR MIND. 


Introducing lst-CLASS HT: Hypertext Done Right. 


Your company’s most 
valuable resource is the knowl¬ 
edge and expertise of your key 
people. That’s why you want to 
capture that expertise with lst- 
CLASS Expert Systems so you 
can use it whenever and wherever 
needed. 

l^HThe power you need. 
Without the programming. 

lst-CLASS" has the line of expert 
system development tools you’ve 
been waiting for. They are full- 
featured and flexible, yet excep¬ 
tionally easy to use. Multiple 
knowledge representations, and 
interfaces to windows, graphics, 
and programs (including Lotus 
1-2-3‘and dBASE") make them 
powerful enough for technical 
people, yet simple enough for 
those with no programming or 
artificial intelligence experience. 

Benefits you’ll see right 
away. Because lst-CLASS is so 
easy to use, it starts delivering 
benefits right away. Accurate and 


consistent decisions throughout 
your company. Reduced costs in 
manufacturing and financial ser¬ 
vices. And above all, a chance to 
apply the expertise of your best 
people to more situations than 
ever before. 

■■■ Whether you’re a startup 
or a Fortune 500, you’ll quickly 
find the lst-CLASS line a great 
help for your entire organization. 
Just as Du Pont, Travelers, 
Chrysler, Intel, IBM, and over 
5000 others have already found 
out for themselves. 

Priced from $495. to 
$1995. No fancy hardware re¬ 
quired (just IBM" or compatible 
PC). 

Ask for your $20 tutorial 
package. It has everything you 
need to get moving fast, including 
a trial version of lst-CLASS 
FUSION.™ 

■■ Why wait? Call today to 
order your tutorial package: 

Toll-free: 1-800-872-8812. 


1-CLASS 

Expert Systems, Inc. 


One Longfellow Center. 526 Boston Post Road Wayland, MA 01778 (508-358-7722 in MA). 

For the IBM“ PC. For the DEC VAX ? (with added hardware). Priced from $495. to $1995. Tutorial package only $20. 
©Copyright 1988. Ist-CLASS Expert Systems, Inc. 
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Looking for a data base? 

. i,our customers aren’t! 

"goo ds | 



SECURITY 


This extended network DBMS is designed and 
implemented to maximize productivity, and to handle 
large volumes of data, complex data structures and 
high performance requirements. 


Real-world data relationships. MDBS III® 
supports many-to-many, many-to-one, 
one-to-many, one-to-one, forked and 
recursive relationships. 

Very large data bases. MDBS III data 
bases of 500MB exhibit split second 
response times. 

Performance tuning. Change page sizes; 
cluster records; add, delete or change 
areas, records or data items; consolidate 
disk space; hashed access; controllable 
index widths. 

Query. A non programmer can interro¬ 
gate any MDBS III file on an ad hoc basis. 
Fault tolerance. MDBS III closes the 
window of data vulnerability with 
transaction logging, pre-image posting 
and transaction abort facilities. 
Interactive data manipulation. Perform 
any data base command interactively 
from the console without programming. 
Administration. MDBS III provides the 
ability to measure the integrity of a 
data base and repair it if necessary. 
Restructuring and reorganizing. Minimize 
fragmentation by reorganizing and 
compacting the data base. 

Environments and servers. MDBS III is 
available for the IBM® PC and com¬ 
patibles; PS/2; IBM, Novell and 3COM 
LANs; VAX® and other fine minis; 
DECnet and VAX® Clusters. MS-DOS®, 
OS/2®, VMS®, UNIX® and XENIX®. 


• Support. We offer hands-on product 
training and are committed to provide 
the best technical support there is. 

• Professional Services. We can assist with 
tasks from project specification to 
developing turn-key solutions. Our 
Equity Program allows a credit towards 
future application development costs. 

• Other fine mdbs products. We also offer 
GURU, and expert system environment 
and KnowledgeMan/2, a relational 
DBMS development system. 

mdbs products are offered worldwide. For MDBS III- 

Australia: International Nexus Corporation, 

(3) 589-7411; Belgium: Informatica, (02) 659-8610; 

Finland: Businessman OY, (0) 59131; France: 

ISE CEGOS, (1) 46 09 28 28; Netherlands: Information 

Efficiency Consultants, (02) 154-15708; Singapore: 

Soft-Pro Computer Pte Ltd, 2545245; Sweden: 

Datorisering AB, (8) 753-3090; Switzerland: 

Also Comsyt, 953733; United Kingdom: MDBS 

International, Ltd., (1) 493-3677; West Germany: 

Also Comsyt (89), 699-2960. 

GSA contract number: GS00K88AGS86181 



mdbs 


CHECK US OUT 
is Expert Systems integration 
^ Real world structuring 
^ Multi-user & LAN server 
^ Unlimited number of records 
Multiple language interfaces 
Data independence 
^ Data protection & integrity 
^ Data security/privacy 
32K+ fields/record 
^ SQL Preprocessor 
800-344-5832 • 317-463-2581 
FAX 317-448-6428 

Telex 9102401559 (MDBS WLAF UQ) 

For more information attach your 
business card and mail to: 
mdbs, Inc. 

Marketing & Sales 
P.O. Box 248 
Lafayette, IN 47902 

Please send information on: 

□ MDBS III Specifications 

□ Information/Training Seminars 

□ Professional Services 

□ Service and Maintenance 

□ Environments 

□ VMS □ MSDOS 

□ OS/2 □ UNIX 

□ I’m enclosing $120 in payment 
for the MDBS III manual (In 
Indiana add $5.50 sales tax). 

□ Please charge my □ MasterCard 

□ VISA or □ American Exp. 

Signature- 

Card No- 

Phone No--- 


THE KNOWLEDGE MANAGEMENT COMPANY 


MDBS III, GURU and KnowledgeMan/2 are registered trademarks of mdbs, Inc. Other trademarks shown are proprietary 
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each record into a corresponding ob¬ 
ject in the Employees class or can 
place field values in object properties. 
Entering rules. Entering rules is highly 
interactive in Nexpert. The developer 
defines rules using the Rule Editor 
menu by selecting the Editor option 
from the main menu. Nexpert presents 
a rule-entry screen, the LHS for the 
condition, the RHS for the hypothesis, 
and optional actions. 

The developer selects a condition’s 
operators from a pop-up window ac¬ 
cessible by positioning the cursor in 


You can adopt a whole 
new PC strategy. 

Put your demanding applica¬ 
tions that need more speed or 
memory, like 123, dBase, Auto- 
Cad, compilers, etc., on the Hum- 
mingBoard while your network, 
Desqview, disk cache, TSR’s and 
other applications run concur¬ 
rently in the other 640k on the 
“base” system. 

Our new Second Shift ™software 
permits running a time consum¬ 
ing compile, report or other 
program totally in the back¬ 
ground on the Hummingboard 


the operator box on the rule-entry 
form and clicking the right-hand button 
on the mouse. The developer then 
clicks on an expression box and uses 
Edit Line, a text-entry bar at the top of 
the form, to enter and edit expressions 
and hypotheses. 

The developer enters optional ac¬ 
tions through a pop-up menu, which 
contains options such as Creating an 
object (CreateObject), Loading a knowl¬ 
edge base (LoadKB), Assigning a value 
to a property or variable (Let), and 
Changing the inference strategy (Strat- 


while you continue to use your 
base system for other tasks. 

Turn 640k into 900k 

Another HummingBoard 
benefit is more memory for DOS 
programs, without changing 
your software. On the Hum- 
mingBoard, many DOS applica¬ 
tions can address from 700k up 
to 900k directly, without EMS. 
EMS 4.0 is supported as well. 

Blazing performance 

With 16,20 and soon 25Mhz 
versions, plus 32-bit cached 
memory for no-wait-state per¬ 
formance, the HummingBoard 
is at the top of the class for fast 
386 systems. 


egy). Photo 2 shows the Rule Editor 
window, the Data and Hypothesis note¬ 
books, and the rule-entry screen. 

The developer can check die syn¬ 
tax of the current rule by accessing the 
RuleEdit option from the Rule Editor 
menu bar. If the rule is correct, OK 
will be highlighted; selecting OK saves 
the rule and exits the Rule Editor. 
Otherwise, the Check option highlights 
the incorrect elements of the rule. 

Such a highly interactive rule-edit¬ 
ing environment can be tedious for 
experienced knowledge engineers who 
are in a hurry to encode large num¬ 
bers of simple rules—typing the entire 
condition is often easier. This environ¬ 
ment, however, is an excellent method 
for beginners and for developers who 
want to build rules through trial and 
error. With practice, the interaction 
becomes faster. 

Entering classes. As with the rule-build¬ 
ing process, Nexpert has a variety of 
methods for creating classes and ob¬ 
jects, but the Class Editor and Object 
Editor (accessed from the Edit Menu) 
are the most direct. The Object Editor 
is a form with boxes for the object’s 
name, classes, subobjects, and properties. 

The developer can enter informa¬ 
tion about the object in any order and 
can scroll the boxes to view large lists 
of classes or subobjects. Entering 
classes and subobjects requires two 
clicks on the mouse—the first click se¬ 
lects the type of information, the sec¬ 
ond click accepts the specific data. Un¬ 
fortunately, this two-click process is 
somewhat cumbersome. 

The developer enters property 
names in the same way as classes and 
subobjects. Photo 3 shows the class and 
object editor windows in which the 
Employees class and Joe-Smith object 
have been defined. 

Two boxes appear beside the 
name when entering the property 
name. The developer attaches a value 
to the property by clicking on the first 
box and typing the value. To add 
meta-slots and their values, the devel¬ 
oper clicks on the second, smaller box 
to display the Meta-slots Editor window 
(which is easily accessed from Inspec¬ 
tor and Notebook windows). 

With the Meta-slot Editor—an ex¬ 
tremely powerful feature of Nexpert— 
the developer can control precisely 
how Nexpert uses properties and val¬ 
ues during the inference process. The 
Meta-slot Editor has boxes for the In¬ 
heritance and Inference categories, 
numerous options for how the prop¬ 
erty can be inherited by others, the 
order of sources for the value, the ac- 



A. I. Architects 

One Kendall Square, Cambridge, MA 02139 
(617)577-8052 FAX (617) 577-9774 
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HummingBoard 


TWO PROCESSORS 
ARE BETTER THAI 
ONE 


When it comes to 
386 add-in boards, the 
HummingBoard is in a 
class by itself. It is a true 
coprocessor that makes 
productive use of the base 
system’s original 8086,286 or 
386, running it in parallel with, 
the HummingBoard’s 386. 



prices 
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Cocaine 
lies. 


After nearly a decade of 
being America’s glamour drug, 
researchers are starting to un¬ 
cover the truth about cocaine. 

It’s emerging as a very 
dangerous substance. 

No one thinks the things 
described here will ever happen 
to them. But you can never be 
certain. Whenever and however 
you use cocaine, you’re playing 
Russian roulette. 

You can’t get 
addicted to cocaine. 

Cocaine was once thought 
to be non-addictive, because 
users don’t have the severe 
physical withdrawal symptoms 
of heroin—delirium, muscle- 
cramps, and convulsions. 

However, cocaine is intensely 
addicting psychologically. 

In animal studies, monkeys 
with unlimited access to 
cocaine self-administer until 
they die. One monkey pressed 
a bar 12,800 times to obtain a 
single dose of cocaine. Rhesus 
monkeys won’t smoke tobacco or 
marijuana, but 100% will smoke 
cocaine, preferring it to sex and 
to food—even when starving. 

Like monkey like man. 

If you take cocaine, you run 
a 10% chance of addiction. The 


risk is higher the younger you 
are, and may be as high as 50% 
for those who smoke cocaine. 
(Some crack users say they felt 
addicted from the first time 
they smoked.) 

When you’re addicted, all 
you think about is getting and 
using cocaine. Family friends, 
job, home, possessions, and 
health become unimportant. 

Because cocaine is expen¬ 
sive, you end up doing what all 
addicts do. You steal, cheat, lie, 
deal, sell anything and every¬ 
thing, including yourself. All the 
while you risk imprisonment. 
Because, never forget, cocaine 
is illegal. 

There’s no way to tell who’ll 
become addicted. But one 
thing is certain. 

No one who is an addict, set 
out to become one. 

C’mon, just once 
can’t hurt you. 

Cocaine hits your heart be¬ 
fore it hits your head. Your pulse 
rate rockets and your blood 
pressure soars. Even if you’re 
only 15, you become a prime 
candidate for a heart attack, a 
stroke, or an epileptic-type fit. 

In the brain, cocaine mainly 
affects a primitive part where the 
emotions are seated. Unfortu¬ 
nately this part of the brain also 
controls your heart and lungs. 

A big hit or a cumulative 
overdose may interrupt the 
electrical signal to your heart 
and lungs. They simply stop. 


That’s how basketball player 
Len Bias died. 

If you’re unlucky the first 
time you do coke, your body 
will lack a chemical that breaks 
down the drug. In which case, 
you’ll be a first time O.D. Two 
lines will kill you. 

Sex with coke is amazing. 

Cocaine’s powers as a sexual 
stimulant have never been 
proved or disproved. However, 
the evidence seems to suggest 
that the drug’s reputation alone 
serves to heighten sexual feel¬ 
ings. (The same thing happens 
in Africa, where natives swear by 
powdered rhinoceros horn as 
an aphrodisiac.) 

What is certain is that con¬ 
tinued use of cocaine leads 
to impotence and finally 
complete loss of interest in sex. 

It’ll make you feel great 

Cocaine makes you feel like 
a new man, the joke goes. The 
only trouble is, the first thing 
the new man wants is more 
cocaine. 

It’s true. After the high 
wears off, you may feel a little 
anxious, irritable, or depressed. 
You’ve got the coke blues. But 
fortunately they’re easy to fix, 
with a few more lines or 
another hit on the pipe. 

Of course, sooner or later 
you have to stop. Then—for 
days at a time-you may feel 
lethargic, depressed, even 
suicidal. 

Says Dr. Arnold Washton, 
one of the country’s leading 
cocaine experts: “It’s impossible 
for the nonuser to imagine the 
deep, vicious depression that a 
cocaine addict suffers from!’ 


© 1987, DDB Needham Worldwide Inc. 


Partnership for a Drug-Free America 
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tions to be taken when the value is 
changed, and the prompt to be used if 
Nexpert queries the user for the value. 

An interesting feature of Nexpert 
is the automatic inheritance between 
classes and objects. When the devel¬ 
oper adds new properties to a class, 
Nexpert automatically adds this infor¬ 
mation to any defined objects of the 
class (unless the order of meta-slots 
prevents this). When the developer 
adds the property Language to the class 
Project, for example, Nexpert automati¬ 
cally adds the property to the object 
Project_X. 

Viewing knowledge structures. The de¬ 
veloper can display the knowledge 
base in a number of helpful ways. After 
a rule has been saved, the Rule Note¬ 
book window appears on the screen 
(also available from the Encyclopedia 
menu in the Nexpert window), which 
presents a series of windows showing 
the rules in alphabetic order. The de¬ 
veloper can flip sequentially through 
the windows using a mouse. 

Notebooks also exist for data, hy¬ 
potheses, objects, properties, and 
classes and contain alphabetic indexes 
for random access. The developer ac¬ 
cesses a particular piece of knowledge 
by clicking on the pair of letters corre¬ 
sponding with the first letter of the 


name of the item being sought. To 
view the hypothesis Clearance_needed, 
for example, the developer selects the 
Hypothesis notebook and clicks on the 
letters C-D. 

Besides notebooks, Nexpert offers 
graphics tools for viewing the knowl¬ 
edge base. To look at the rule network, 
the developer selects the Browse Rule 
Network option from the Inspector 
menu. The Rule Network window (see 
photo 1) contains a series of icons 
along the left edge for moving through 
and changing the display of rule inter¬ 
relationships. Nexpert initially displays 
a random portion of the rule network. 

To display the rule whose hypoth¬ 
esis matches the condition of a selected 
rule, the developer first clicks on the 
left-arrow icon (the cursor changes to 
a left arrow) and then on the current 
rule. After clicking on the right-arrow 
icon (the cursor changes to a right 
arrow), Nexpert displays the rule 
whose condition matches the hypothe¬ 
sis of the current rule. When the devel¬ 
oper clicks on a condition or hypothe¬ 
sis, Nexpert displays all the associated 
rules, thus displaying all the links be¬ 
tween the rules. 

A magnifying-glass icon focuses the 
display on a particular item in the net¬ 
work, such as a rule or hypothesis. 


Play your cards right! 



Programmer's Guide to the EGA and VGA Cards by Richard 
F. Ferraro is a must for IBM® programmers who want to make full 
use of the graphics capabilities of IBM PCs and compatibles. 

The book presents thorough descriptions of the features and 
functions of EGA and VGA graphics cards, and reveals essential 
programming techniques covering such topics as the EGA BIOS, 
reading and writing alphanumeric characters, and controlling the 
color palette. Numerous examples in C and Assembly Language 
form the basis of a powerful graphics toolbox. Ferraro is a 
specialist in the fields of computer graphics and image 
processing. Publisher's suggested retail price: $26.95, 
640 pages 


Programmer 's Guide to the Hercules M 
Graphics Cards by David B. Doty, a member of 
Hercules' Technical Support department, describes the 
hardware architecture of the Hercules Graphics Card, 
the Hercules Graphics Card Plus, and the Hercules 
InColor Card. It presents sophisticated programming 
techniques on such topics as the 6845 , and the 
RamFont Mode, and includes a toolkit of ready-to- 
use Assembly Language routines. Publisher's 
suggested retail price: $24.95, 4l6 pages 


Available wherever computer books are sold. 


A Addison-Wesley Publishing Company 

Reading, Massachusetts • Menlo Park, California • New York • Don Mills, Ontario • Wokingham. England 
Amsterdam • Bonn • Sydney • Singapore • Tokyo • Madrid • San Juan 


Other icons simplify the display by 
removing items and accessing addi¬ 
tional rules, data, and hypotheses. 

The other Inspector menu selec¬ 
tions include Overview Rule Network, 
which allows the developer to start 
with a very high-level view and subse¬ 
quently focus on a particular item; Cur¬ 
rent Rule, which initially focuses on the 
current rule; and Change Rule Settings, 
which controls display attributes such 
as font and color. 

The Nexpert developer can view 
frame structures with the Browse Ob¬ 
ject Network menu, which is very simi¬ 
lar to the Rule window. Selected from 
the Inspector menu, it shows relation¬ 
ships between classes and objects, ob¬ 
jects and subobjects, and classes and 
subclasses. 

Inspector windows are useful and 
easy to use, although frequent reposi¬ 
tioning is necessary even for a very 
small knowledge base. 

Lower-end expen systems do not 
have this type of graphics display. After 
some practice with Nexperfs displays, 
experienced knowledge engineers will 
be able to predict and debug complex 
reasoning pathways that otherwise 
would be impossible to chart. 

The inference process. Unlike most 
other shells, Nexpert reasons using a 
number of strategies and has several 
options for beginning the inference 
process. Each knowledge base has a 
default reasoning strategy, but the de¬ 
veloper can change this and choose 
between forward (event-driven) proces¬ 
sing, backward (goal-driven) proces¬ 
sing, or a combination of the two. 

Additional inference pathways are 
identified by keeping a list of agendas, 
which are the hypotheses of success¬ 
fully fired rules. The system adds a 
new hypothesis to the list of agendas 
when a rule in which it is contained 
has its conditions satisfied indirectly by 
other backward-chaining rules. In Nex¬ 
pert, any rule fires forward if the sys¬ 
tem examines and satisfies its condi¬ 
tions while trying to fire other rules. 
When the rule is satisfied, Nexpert adds 
the hypothesis to the list of agendas. 

The user starts the inference pro¬ 
cess by selecting KNOWCESS from the 
Expert menu, which displays the Ses¬ 
sion Control window. Nexpert creates a 
list of initial hypotheses and begins to 
process the rules and objects. 

At the same time, the system over¬ 
lays several other windows on the 
screen to display information such as 
hypotheses currently under investiga¬ 
tion (the Hypothesis window), tran¬ 
scripts of any values the system has 
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obtained or altered (the Transcript win¬ 
dow), the rules currently under investi¬ 
gation through backward chaining (the 
Rule window), and any concluded hy¬ 
potheses (the Conclusions window). 

The user can access these windows 
throughout the inference process. 

The user can interrupt the infer¬ 
ence engine to volunteer (input) infor¬ 
mation to the Nexpert system regard¬ 
less of whether the new data are rele¬ 
vant to the rules and hypotheses cur¬ 
rently under investigation. The user can 
start a forward-chaining process, for 
example, by entering all information 
about a problem and then letting the 
system fire every possible rule to de¬ 
velop hypotheses. 

The user can suggest one or more 
hypotheses for backward chaining that 
the system uses as a starting point for 
the inference process, regardless of 
whether the system currently is investi¬ 
gating those hypotheses. After studying 
the initial or suggested hypotheses, the 
system then identifies other hypotheses 
worth examining. 

Nexpert’s flexibility and user inter¬ 
action sets the inference engine apart 
from many others in which rules only 
can fire blindly in a single strategy. The 
developer can use Nexpert’s Strategy 
menu (see photo 4), for example, to 


fire only the rules concerned with con¬ 
firmed hypotheses, examine only data 
that would reject an hypothesis, or ex¬ 
amine all data regardless of whether 
the associated hypothesis is rejected or 
confirmed. The developer also can 
force the evaluation of every rule and 
object that can confirm an hypothesis 
under investigation. 

When the following rule fires, for 
example, Nexpert’s search strategy 
changes direction: 

IF Radiation_level__increasing 
THEN Head_for_the_hills 
and Strategy notPF 

By default (strategy PF), when a rule 
fires and changes a value in the knowl¬ 
edge base, the value can cause other 
rules to fire. Nexpert adds the rules 
to the agenda and investigates them. 
When the developer selects notPF, 
the system examines only the conse¬ 
quences resulting from affirmation 
of the current rule. 

Such dynamic control over the in¬ 
ference process is a powerful develop¬ 
ment feature. The developer can com¬ 
bine all the strategies to create highly 
complex reasoning pathways. 

After the developer has provided 
information in response to system que¬ 
ries, the inference process terminates. 


The results of the inference session are 
displayed in the Conclusions window. 
Each hypothesis investigated is either 
rejected, confirmed, or already known 
to be true. 

CALL IN AN EXPERT 

Nexpert’s Callable Interface consists of 
documentation into the C functions that 
make up the Nexpert Object Develop¬ 
ment and Runtime Environments. De¬ 
velopers use it to establish communica¬ 
tion between external application pro¬ 
grams and Nexpert applications by tak¬ 
ing advantage of structures and func¬ 
tions that Nexpert uses internally. 

Nexpert is unique among expert 
systems because of the wide range of 
languages that can access the system. 
Several other midrange and high-end 
expert system tools can call external 
code, including Personal Consultant 
Plus, KEE, ART, and AION’s AION De¬ 
velopment System (to name just a few). 
However, calling and manipulating an 
expert system from external code is 
much less common—Nexpert and 
AION are among the few currently 
available with this capability. The tool 
must be modular and thoughtfully par¬ 
titioned to be of any use as a library of 
function calls. Nexpert gets high grades 
on both counts. 

It is easy to understand why this 
Callable Interface has caught on and 
will soon be part of other products as 
well. Applications produced with Nex¬ 
pert can trigger external code in rules 
and in slots (in the same way that 
methods are called in GoldWorks), but 
they can also be triggered by events 
occurring within the system. The devel¬ 
oper can insert user-written functions 
for specified conditions in place of 
those that normally would be called by 
Nexpert. Classes and objects can inherit 
functional attachments. By monitoring 
internal states of objects and agendas at 
given times, external processes even 
can alter inference strategies in re¬ 
sponse to external events. 

The ability to call external code 
also makes it easier for developers to 
make expert-system applications more 
efficient. Other processes can be acti¬ 
vated in response to the verification 
of hypotheses. In a realtime systems- 
control environment, for example, the 
data for Nexpert’s objects could be vol¬ 
unteered directly from monitoring 
equipment by calling external functions 
instead of coming from the usual vol¬ 
unteering windows. 

Developers have at least three 
ways to use the Callable Interface. The 
Nexpert functions can be called directly 
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t£e “Ttiddeti Secrete 
Tptuci Coded! 



DIJ.DAT* —The Only Disassembler That Tracks Down DATA! 

EASY TO USE! 

• Disassembles both .COM and .EXE files with minimal input from you! 

(Often—"You enter the file's name. . .DISnDATa does the work!") 

• Creates fully—labeled MASM—compatible source files, ready to assemble. 

VERSATILE!—can help you to: 

• Make non —trivial program modifications without original source! 

• Customize a program's messages, error—handling, etc. 

• Convert to OS/2*, even if your source has been lost! 

SOPHISTICATED! 

• Disassembles standard real—mode instructions for 8086, 8088, 80186 and 80286! 

• Separates instructions from data via automatic flow—analysis of instructions. 

• Can locate data areas as small as one byte , even if embedded in code! 

• Automatically inserts SEGMENT. . .ENDS, PROC. . .ENDP and ASSUME 
directives! 

• Resolves operand size (BYTE, WORD. . .) and type (PTR, immediate, OFFSET. . .). 

• Outputs printable strings as ASCII text, other data as DB/DW hex values. 

• Inserts comment on INT 21h DOS calls, showing the function requested! 

Can now easily disassemble complex TSR, l/O-driver and other systems-like programs. 

• For IBM* PC*/XT*/AT* PS/2* & compatibles, 128K+ RAM, 1+ disks, DOS 2.x+. 

#8634-22 PC-DISnDATa 3.0 (SSDD 5-V4-diskette) and manual.$165 

Add $3 shipping (U.S. & Canada), $10 (overseas air) per item. U.S. Funds Only. Ohio 
residents please add 6% sales tax. *Registered trademark, IBM Corporation 

To order, phone (513) 435-4480 (M-F, 9 A.M.-5 P.M. EST), or 
send check, money order, or VISA/MasterCard information 
(name, street address (no P.O. Box please), card number, 
expiration date, and your telephone number) to: 

PRO/AM SOFTWARE - 

220 Cardigan Road Professional Software for 

Software Centerville, OH 45459 bolh Noviceand Experl 
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VIA/DRE 

is here. 

NOW! 


From VIA Information Systems, 
of Princeton, New Jersey 

the first fully tested PC/LAN Data Base Server 
with TRUE DISTRIBUTED capability PLUS SQL 
and LU6.2* support. 


• Full Data Base Server with Peer to Peer Communica¬ 
tions for unmatched LAN performance under OS/2 & 
MS/DOS. 

• User-proven TRUE DISTRIBUTED DBMS for MULTI¬ 
SITE JOINS— between LANs using X.2S NOW • be¬ 
tween LAN & HOST using LU 6.2 4th quarter ’88* 

1 Powerful facilities for ‘C’ and SQL. 

1 Sophisticated 4GL ‘C’ Object-Oriented Language 
(VIA/COOL™) for developing complex applica¬ 
tions— toggles for ‘C’ or SQL Code Generation! 



■ Automatic Logging, Checkpoint, Restart and Recov¬ 
ery (forward and backward) to ensure traditional 
DBA control. 

1 Advanced facilities for security and auditing guard 
access to distributed data. 

■ Full Commitment to IBM’s SAA Standard guarantees 
portability and connectivity 

1 Ensured COMMIT Integrity 


r i 

VIA/DRE 


Developed in Finland !.. . The Pacesetter In Europe ... State of the Art In America! 


LJ/ 

a 


\LJ 


VIA Information Systems Corp. • vanguard of the information age 

101 Carnegie Center, Suite 209, Princeton, New Jersey 08540 • (609) 243-0433 • FAX (609) 243-0202 

OS/2 and LU 6.2 are trademarks of International Business Machines Corporation, MS/DOS is a trademark of Microsoft Corporation, VIA/DRE 
and VIA/COOL are trademarks of VIA Information Systems Corp. 
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NEXPERT OBJECT 

as exported C functions by external 
code; external code can “trap” specific 
Nexpert functions and declare their 
own replacements;'or some standard 
messages can be passed between other 
Windows applications and Nexpert 
using Microsoft’s dynamic data ex¬ 
change (DDE) protocol (a system for 
setting up standard messages to be 
passed between locations, using Win¬ 
dows as a postal service). 

A C library of Nexpert functions 
does not exist yet for the PC platform. 
Every function that can be used exter¬ 


nally is explicitly exported by Nexpert. 
Each function is documented in the 
user’s manual. 

An application can make direct 
calls to Nexpert’s C functions, although 
these functions will differ slightly ac¬ 
cording to underlying hardware. This 
direct-call method is, however, still the 
most uniform way to implement exter¬ 
nal calls across each of the different 
Nexpert Object platforms. In addition, 
Neuron Data provides a set of VAX/VMS 
universal symbols specifically for the 
DEC environment. 


The Callable Interface includes C 
functions to initialize, start, stop, and 
resume sessions; query or change 
knowledge structures; and change the 
list of hypotheses or agendas. 

Making a direct call to a Nexpert 
function requires the system to use in¬ 
ternal Nexpert functions and structure 
definitions, which must be obtained 
from the NXPDEF.H include file. Func¬ 
tions are available either by linking to 
their addresses or by declaring them to 
be external. Each such callable function 
is well-documented. 

To .make a direct call to a Nexpert 
function, the function must be defined 
and, in most cases, passed the address 
of an internal Nexpert structure and a 
predefined code. Functions can return 
an integer “pass” or “fail” (in keeping 
with C convention), and a function is 
available (NXP_Error) to retrieve more 
information in the event of failure. 

Message-passing is an option for 
Nexpert users only on AT-class ma¬ 
chines. Microsoft Windows provides the 
message-passing environment between 
its applications using die DDE protocol. 
Passing messages between an applica¬ 
tion and Nexpert requires the usual 
calls to Windows functions for obtain¬ 
ing the respective window handles of 
the two applications and setting up rec¬ 
ords to contain the message parame¬ 
ters. Nexpert includes a set of prede¬ 
fined message identifiers (short inte¬ 
gers). Messages can be sent and posted 
to duplicate most of the functionality of 
direct C calls. 

The developer can set up external 
routines to take the place of Nexpert 
functions with either a message or a 
direct C call. On the AT, it can be eas¬ 
ier for the developer to use messages 
to set handler functions. 

Nexpert can convert direct-access 
calls into message-passing code, which 
is completely transparent to the user’s 
code. Applications can use this feature 
to work entirely with C functions and 
structures, while taking advantage of 
the convenience and efficiency of DDE 
under Windows. 

THE RUNTIME ENVIRONMENT 

A Nexpert application developed in 
one hardware and software environ¬ 
ment can be delivered and run in a 
considerably different environment. 
Moreover, the applications need not 
use the Microsoft Windows interface— 
the developer can customize the inter¬ 
face to suit the application. 

Nexpert’s Screen Builder is a 
menu-based tool for designing data 
input forms to organize, present, and 


SUPERSTATION 

^ TOTAL 
INTEGRATION 



Now you can obtain 
complete cradle-to- 
grave performance 
from your personal 
computer CAD system 
when performing electronic 
packaging design. From 
schematic capture to printed 
circuit design, to 100% completion 
autorouting capabilities, it’s all here. 
We already offer the best selling PCB 
design software in the industry, and now 
you have one more reason you should be using 
PADS: Total Integration. Call our Sales Hotline 
today to receive a free Integrated Evaluation 
Package for the PADS-SUPERSTATION. 


GO 

Software. Inc. 

119 Russell St. 
Littleton, MA 01460 


^ In MA: (508) 486-8929 
Outside MA: (800)255-7814 
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It’s time to get a new, better linker... 

.RTLink 

•Reduces .EXE size on disk up to 92 % 

Programs require less disk space on target machine and shipping media. 


$195 00 

Works with:* 

Microsoft C™ 

TURBO C 

MASM™ 

QuickBASIC 

Clipper™ 

Quicksliver™ 

*And other DOS compilers 
which product* .OBJs in the 
standard INTEL® or Microsoft 
format. (Most of them do.) 


.RTLink is linking technology at its finest. Along with fast 
linking and powerful overlay management, .RTLink reduces 
the size of .EXE storage on disk by allowing developers to 
create Run-Time Libraries (.RTLs) that eliminate multiple 
storage of both language and user-written code that is often 
repeated in groups of executable files (.EXEs). 

The code itself is not changed; only the linking process is 
changed - using today’s most common link-input formats. 

These graphs illustrate the difference between a conven 
tionally linked program and a program linked with .RTLink. 

Now developers can realize the increased flexibility of 
designing programs using multiple .EXEs without suffering 
the penalty of increased disk space usage. 

•Fast Linking 

Example: Links a 200K Microsoft C program in 16 seconds (6MHzAT) 

•Powerful Overlay Manager 

Multiple and nested / language-independent overlays-virtually 
unlimited quantity. 

•Supports overlays in QuickBASIC 


Disk Space Savings Example: 

Program = 580K when conventionally linked. 



Program = 235K when linked using .RTLink. 
-EXE 1 1 I 

.EXE 2 1 I user l-RTL) L . . .] 

.EXE 3 1 I Language (.RTL|^^BMB^B 

.exe acd 

I 1 Unique User Routine (4 x 30K) I20K 

I I Common User Routine (.RTL) 35K 

■H Common Language Library (.RTL) 80K 

Total Disk Space Used 235K 


With .RTLink, QuickBASIC user may now build applications which 
use memory more effectively and solve problems caused when 


chaining between various modules of an application. 

•No source code changes 
•No additional memory utilized 
•No performance penalty 
•No learning difficulties 

.RTLink supports commonly used link input formats 

•No royalties 
•No risk 

30 DAY MONEY BACK GUARANTEE-Try .RTLink for 30 
days. If you are not completely satisfied, return it for a prompt 
and courteous refund of the purchase price. 


Order yours today! 

Phone orders will be accepted using Visa or 
Mastercard, or send a check for $195.00 to: 

Pocket Soft Inc. 

7676 Hillmont, Suite 195 
Houston, Texas 77040 

For Phone Orders call (713) 460-5600 

NOTE: Texas Residents include 7% sales tax. 

Trademarks: All Pocket Soft products are trademarks of Pocket Soft, Inc. Other brand and product 
names are trademarks of their respective holders. © 1988 Pocket Soft Inc. 
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Brand X 


d-tree 

MANAGEMENT 

FACILITIES 

■ data dictionary 

■ program dictionary 

■ data portability 

■ change tile structure 
easily 

■ application generation 
tools 

■ c-tree/r-tree — with 
ease 


■ nested menus 

■ related record ^ 
processing 

■ data entry control 

■ pop-up help- 
change screen/data 
tiles at runtime 

■ scrollable windows 


key compression 


** ■ change reports quickly 
■ unlimited control 
breaks, accumulators 
and virtual fields 


FAIRCOM 


4006 West Broadway 
Columbia. Missouri 65203 
314/445-6833 
FAX 314/445-9698 


The following are trademarks as noted: 

UNIX/AT&T, XENIX/Microsoft, Inc.. MACINTOSH/Apple Computer. Inc. VAX/DEC 
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prompt for data. The developer can put 
form definitions in a file that can be 
referenced by rules; the system displays 
forms when they are referenced by a 
firing rule during an inference session. 

A form consists of controls such 
as string constants, empty text-input 
boxes, and predefined choices. Con¬ 
trols for input data are associated with 
objects and their property values. Re¬ 
ports are similar, except they display 
object values on a screen after the in¬ 
ference process is complete. 

The Screen Builder’s strength is its 
simplicity—it is relatively easy to use, 
even for a beginner. The developer can 
control small details, such as borders, 
color of text, and the spacing of items 
on die screen, and can associate entire 
files of help text with the screen, mak¬ 
ing die runtime application very flexi¬ 
ble even after delivery. 

The developer can edit form files, 
conveniently stored in a documented 
ASCII format, with a text editor. Experi¬ 
enced users who find menus tedious 
will appreciate this feature, aldiough 
the structure and syntax of the file is 
relatively complex. 

The Screen Builder does have at 
least one drawback in its type-checking 
mechanism. For Nexpert to check data 
values entered by a user, an object 
(corresponding to a control) and a 
mask are required to determine the 
type of value the system needs. The 
mask values are numeric and difficult 
to remember. 

Using the Nexpert Object Runtime 
System (NORT), the developer can de¬ 
fine in detail how an application will 
run and can design an interface that is 
visible to the client (a visible interface 
is not required). 

When a Nexpert application runs, 
several actions occur: the Screen 
Builder loads knowledge bases, volun¬ 
teers some information automatically, 
displays data-entry screens designed by 
the developer, and can display the re¬ 
sults on a report when the inference 
process is complete. The system can 
suggest hypotheses for consideration 
and determine where to transfer con¬ 
trol on completion—to an external 
routine or back to Nexpert. 

Special files control the mediation 
of input, inference, and output in die 
runtime application. NORT includes a 
screen-editing tool to build the' first file 
of screen definitions, used by Nexpert 
at runtime to show forms. The devel¬ 
oper must create a Control File con¬ 
taining commands for loading a knowl¬ 
edge base, selecting behavioral features 
of the knowledge base, and controlling 
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PRICED TO SAVE, SHIPPED FAST!!! 


FRONTRUNNER (a new Ashton Tate product 
created by Apex Software) 


FrontRunner generates memory- 
resident pop-up applications using the 
dBASE III Plus or dBASE IV program¬ 
ming language. Once your memory- 
resident program is created, pop-up your 
program while using Lotus 1-2-3, any 
dBASE program, Clipper, Basic, any 
word processor, DOS or any program 
written in any language. Pop-In and Pop- 
Out of any software package instantly. All 
data files and indexes created are 
dBASE compatible. FrontRunner applica¬ 
tions can be compiled into binary files for 
protected distribution and unparalleled 


speed. The user selects a hot-key to call 
up an application. Use the unique 
POWERKEY feature to define additional 
hot-keys within the application. A power¬ 
ful paste command allows the user to ex¬ 
tract data from a FrontRunner application 
into a word processor, spreadsheet or 
other application. Use FrontRunner for 
pop-up help screens, account listings, 
phone directories, schedules, random 
notes, printing mailing labels.... anything 
imaginable. 

FrontRunner.. .List: $295, Ours: $195 
(new low price!) 


GREENLEAF LIBRARIES 


Functions 

C source, assembler source, and 
binary libraries of 225 functions for 
many compilers. Emphasizes tight func¬ 
tional groupings to minimize loading 
code which your application may never 
use. Manual’s 250 pages help select 
functions, as do demos, bulletin board. 

Communications 

Communicate from within your own C 
programs! Over 120 functions and 
demo programs in C and assembler 
source to set up interrupt-driven asynch 
communications for up to 16 channels. 
Up to 9600 baud, ASCII or binary, any 
parity or word length, 8250 UARTs, 


Xon/Xoff and Xmodem, WideTrack re¬ 
ceive. Goodbye separate communica¬ 
tions software. Specify compiler. 


Data Windows 

Windows, menus and data entry do 
work together...when you utilize Green- 
leaf's screen architect. This smooth 
screen designer offers device inde¬ 
pendence, logical windows, table driv¬ 
en data entry and economical pricing. 
Source code is also available. 

List Ours 

Communications $185 $139 

Functions $185 $139 

Data Windows $295 $249 

Complete 3 in 1 Pack $665 $475 


Shopping List for the Power Workbench 


ASSEMBLER 

Microsoft Macro Assembler with Utilities . 
PASM 86 by Phoenix, Macro Assembler ... 

ASSEMBLER Support 

Btrieve Softcraft’s File Manager. 

GSS CGI.. ..Device independent graphics .. 

BASIC 

Microsoft BASIC Interpreter., for XENIX ... 

Microsoft QuickBASIC... Ver 4.0 . 

Turbo BASIC. NEW from Borland . 

BASIC LIBRARIES & UTILITIES 

Btrieve Softcraft’s File Manager. 

GSS CGI ....Device Independent Library ... 

Halo Graphics by Media Cybernetics. 

C LANGUAGE COMPILERS 

C86 PLUS by Computer Innovations. 

Lattice C Compiler Now ver 3.2. 

Let’s C Compiler from Mark Williams Co 
Mark Williams C full development system . 
Microsoft C Compiler with free CODEVIEW 

Microsoft QuickC ....Special Price . 

Turbo C. New from Borland . 

C LIBRARIES—Communications 

Asynch Manager by Blaise. 

Greenleaf Communications. 

Essential Communications. 

Essential Communications Plus. 


C LIBRARIES—FILE MANAGEMENT 

Btrieve Softcraft’s File Manager. 

Btrieve/N File Management for Networks. 

Ctree by Faircom.with full source. 

Rtr ee... Report Gen. for Ctree . 

Ctree & Rtree. Special Combination ... 

dBC ISAM Accesses dBase files. 

with Source code. 

dBC III Plus multiuser. 

with Source code. 

Opt Tech Sort Super fast sort for Btrieve.. 
XQL....F“‘ * - 


...SQL from NOVELL 


C LIBRARIES—Graphics 

Essential Graphics...no royalties . 

GSS CGI ....Device independent graphics . 

GSS Metafile Interpreter stores images 

Halo’88 by Media Cybernetics. 

Halo for Microsoft Languages. 


C LIBRARIES—Screen Design 

Curses from Lattice,UNIX lookalike. 

with source. 

C Worthy....by Custom Design Systems .. 

C Worthy with Forms. 

Greenleaf Data Windows. 

Microsoft Windows Dev. Toolkit. 

Panel Plus by Roundhill. 

View Manager for C,Blaise. 

Vitamin C ...Creative Programming . 

VC Screen... Source code Generator . 

Windows for C. 

Windows for Data. 

Zview ....Data Management Consultants.. 

C UTILITY LIBRARIES 

Basic C.... Basic-like routines forC . 

Blaise C Tools Plus/5.0.... f/MsC & QuickC. 
Blaise Turbo C Tools ...f/TurboC . 


LIST US 
150 109 
195 109 

245 175 
495 425 

350 249 
99 66 
100 75 

245 175 
495 425 
325 249 

497 397 
450 299 
75 55 

495 369 
450 295 
99 66 
100 75 

175 135 
185 139 
185 125 
250 189 

245 175 
595 445 
395 299 
295 235 
650 499 
250 175 
500 349 
750 595 
1500 H95 
149 105 
795 595 

299 225 
495 425 
295 265 
325 249 
595 434 

125 99 

250 199 
195 159 
295 269 
295 225 
500 365 
495 395 
275 199 
225 198 
100 81 
195 149 
295 259 
245 175 

175 139 
129 99 

129 99 


C Food Smorgasbord by Lattice. 

C Utility Library by Essential,300 functions 

Greenleaf Functions. 

PforCe by Phoenix, vast library. 

OTHER TOOLS 

BASTOC...J Ml,Translates BASIC toC . 

dBX Translator. dBASE to C translator . . 

with Library Source. 

Pre/C ....by Phoenix, like UNIX lint . 

PC-LINT..by Gimpel, subset of UNIX Lint .. 

COBOL 

Micro Focus COBOL/2. 

Micro Focus Toolset. 

Micro Focus Personal COBOL. 

Microsoft COBOL inc. COBOL Tools 

for XENIX. 

RM/COBOL...by Ryan McFarland . 

RM/COBOL 85...ANSI 85 . 

COBOL Support 
Btrieve Softcraft’s File Manager 
GSS CGI ....Device independent graphics .. 

Halo. from Media Cybernetics . 

RM/Screens ..Screen generator . 

RM/Net+ 5...R/M COBOL networking . 

DBASE & RELATED PRODUCTS 

Applications Plus ....Fox & Geller . 

Brief & dBrief.. Editor/Macro lang for DBase 

Clipper. Nantucket's DBase Compiler... 

DATA-p. Wallsoft . 

dBC III Plus supports multiuser commands 

with Source code. 

dBC ISAM ...accesses dBase files . 

with Source code. 

dBX Translator. dBASE to C translator .. 

with Library Source. 

dFlow. Wallsoft . 

Documenter. Wallsoft . 

FoxBase+. Fox Software . 

Multiuser version. 

QuickCode Plus. Fox & Geller . 

QuickEntry. Fox & Geller . 

QuickReport. Fox & Geller . 

Ul Programmer.... Wallsoft . 

FORTRAN Compilers & Utilities 

Btrieve: Softcraft’s File Manager. 

GSS Graphics Development Toolkit ....CGI 

GSS GKS ...Kernel Sys,ANSI Level 2b . 

Halo ’88. from Media Cybernetics . 

Microsoft Fortran.. Ver 4.0,inc. CodeView .. 

for XENIX. 

R/M Fortran ...ANSI 77by Ryan McFarland. 

for XENIX. 

Spindrift Library.... By Spindrift Labs . 

PROLOG 

APT ..PROLOG Tutor . 

Arity PROLOG Compiler & Interpreter 

Arity PROLOG Interpreter. 

Arity Standard PROLOG . 

PROLOG-86 Plus. Solution Systems .. 

Turbo PROLOG ...Borland Inti . 

Turbo PROLOG Toolbox ...Borland . 

TEXT EDITORS 

Brief. from Solution Systems . 

dBrief ..Macro lang for Brief & DBase .. . 


UST US 
150 109 
185 H9 
185 139 
395 199 

495 399 
550 419 
950 725 
295 154 
139 125 

900 795 
900 795 
149 134 
700 499 
995 749 
950 675 
1250 895 

245 175 
495 425 
325 249 
395 335 
300 249 

299 249 
275 219 
695 399 
60 50 

750 595 
1500 H95 
250 175 
500 349 
550 419 
950 725 
149 124 
295 244 
395 219 
595 349 
295 170 

99 59 
295 170 
295 244 

245 175 
495 425 
495 425 
325 249 
450 295 
695 499 
595 425 
750 599 
149 129 

65 59 

650 569 
295 229 
95 77 

250 199 

100 75 

100 75 

195 155 
95 75 


..Phoenix symbolic debugger. 


Brief & dBrief Combo. 

Condor Editor ....Condor Corp SUPER SALE 

Epsilon. Lugaru . 

KEDIT. Mansfield..identical to XEDIT - 

KEDIT Ver. 4.0. 

Pmate. Phoenix . 

Vedit Plus. Compuview . 

DEBUGGERS 

Advanced Trace 86. Morgan . 

C-Sprit e...Source debugger for Lattice C .. 

Periscope I... Board, Switch, Software . 

Periscope II ..Breakout Switch & Software . 

Periscope II. Software only . 

Periscope III....8 Mhz . 

Periscope III... 10 Mhz . 

Pfix 86Plus....F 

LOGITECH 

MODULA-2 Compiler Package. 

MODULA-2 Development Pkg 

MODULA-2 Toolkit. 

MODULA-2 ROM Package. 

MODULA-2 Window Package. 

PHOENIX 

Pasm 86. Macro ASSEMBLER . 

Pdisk. Disk Management Utility . 

PFantasy. six-pack take-away . 

PFinish. Profiler . 

PFix 86 Plus.Symbolic Debugger. 

PForCe. Utility library . 

PforCe ...Pforce for C . 

PLink 86+ ...sophisticated overlay linker 

PMaker. make utility . 

Pmate. Text Editor . 

Pre-C. Super-set of UNIX Lint . 

Ptel. Binary Transfer Program . 

POLYTRON 

PolyBoost ....Software accelerator . 

PolyDesk III ..3rd Generation Desktop org 

PolyLibrarian ...Library Manager . 

PolyLibrarian II. 

PolyMake. Complete MAKE Utility . .. 

PolyShell. UNIX-like Command Shell.. 

PolyXREF2 ...Cross Reference Util all lang 
PolyXREF2 ...Single Language support.. 
PVCS Corporate ...Source Code Control . 
PVCS Personal ...Personalised ver of above 
PVCS Network ...Powerful Ver. of PVCS . .. 


LIST US 
275 219 
130 65 

195 149 
125 99 

150 H9 
195 109 
185 129 

175 H9 
175 139 
345 289 
175 139 
145 105 
1095 875 
1195 975 
395 199 

99 79 

249 199 
169 139 
299 239 
49 39 

195 109 
145 95 

995 569 
395 199 
395 199 
395 199 
395 199 
495 269 
125 74 

195 109 
295 154 
49 39 


ryan McFarland 

RM/COBOL. ANSI 74 Standard . 

for UNIX or XENIX . 

RM/COBOL 85. ANSI 85 Standard . 

RM/FORTRAN. ANSI 77Standard . 

for UNIX or XENIX . 

RM/NET+ 5 .. .COBOL Networking . 

RM/Screens. COBOL 85 Screen generator 

SOFTCRAFT 

Btrieve Softcraft’s File Manager. 

Xtri eve...Query language for Btrieve .... 

Report Option for Xtrieve. 

Btrieve/N File Management for Networks . 

Xtrieve/N. Multi-User Query . 

Report Option/N... Multi-user Rep Opt... 
XQL. SQL for Btrieve . 


80 

64 

99 

73 

99 

89 

149 

129 

149 

129 

149 

109 

219 

169 

129 

99 

395 

329 

149 

129 

Call 

Call 

950 

675 

1250 

999 

1250 

895 

595 

425 

750 

599 

300 

249 

395 

335 

245 

175 

245 

220 

145 

128 

595 

445 

595 

459 

345 

269 

795 

595 
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PROGRAMMING PRODUCTIVITY TOOLS 


C TREE & R-TREE 

B-Tree File Manager Now Has Report Generator 


ESSENTIAL C 
UTILITY LIBRARY 

400 Functions, 30 $ Each 

You've probably seen the speed and 
power of Essential's C function library 
without knowing it. Software greats have 
been using it for some time to give to¬ 
day's top products pizazz and panache. 

Now grown to 400 functions Essential 
produces pop-up menus, save and re¬ 
store screens and windows to disk or 
memory in as little as 1 / 10 th second, 
and the fastest video output available. 
Library has a complete set of 50 busi¬ 
ness graphics functions, 40 string hand¬ 
lers. 28 functions for printers. 18 for 
mice. 11 for time and date. DOS interfac¬ 
ing functions offer disk error trapping, 
directory and file management. Every¬ 
thing in source, including sample pro¬ 
grams that demo library functions. We 
have versions with pre-built libraries for 
all well-known C compilers, and a 
source code librarian is supplied for roll¬ 
ing your own. 

List: PC Express 

C Utility Library $185 $119 

Essential Graphics $299 $225 

Essential Communications $185 $125 

with Breakout Debugger $250 $189 


c-tree : The only major b-tree file manager 
with network support in the standard low- 
cost version. c-treeTM gives you record¬ 
locking routines for DOS 3.1 /3.2, UNIX 
and XENIX, and it even comes in C source 
code, yet there are no royalties. Source 
sticks to K&R, so c-tree is portable. Tests 
in many environments prove it. 

Permits any number of keys for a data 
file—alpha, numeric, even floating point. 
Handles files with varied record lengths, 
multiple keys in one index file. Both high 
level and decomposed functions. It's the 
works. 


r-tree: Adds the ability to produce ad 
hoc reports from files maintained by 
c-tree (v. 4.1 and up). Link a file descrip¬ 
tion to the r-treeTM library, and use any 
text editor to write report scripts with no 
further C coding. Reports can access data 
in several files, select on criteria, join 
findings into new logical records, sort 
them, calculate new fields and columns, 
tabulate by control breaks. Comes in 
source, same portability as c-tree, and 
fits any compiler. 


List: Ours: • Combined: 

c-tree: $395 $299 $499 

r-tree: $295 $235 


WINDOWS 
for DATA 

M’soft Windows Compatible 

"Onlt one package can be easily recom¬ 
mended” said Computer Language Qune 
’87) reviewing nine window and data entry 
products for C. Complete field level func¬ 
tions specify prompt string, field length, 
data type, screen location, picture, target 
variable, entry rules, help messages, 
even functions to call for validation once 
data keyed in. 

Windows for C is a subset. No data entry 
but all windowing functions. Unlimited 
windows can be made either to pop up 
or permanently overwrite the screen, 
scroll and highlight lists vertically and 
horizontally. Specify Compiler. Windows 
for Data: List $295, Ours $259. Windows 
for C: List $195, Ours $149 


BLAISE 

C TOOLS PLUS/5.0 

C TOOLS PLUS/5.0 from Blaise Com¬ 
puting Inc. helps you to quickly 
build professional applications using the 
full power of Microsoft C 5.0 and QuickC. 
Now you can concentrate on program 
creativity by having full control over 
DOS, menus, interrupt service routines, 
memory resident programs, fast direct 
video access; windows; printer and key¬ 
board control, and more! 

Blaise Computing’s attention to detail, 
like the use of full function prototyping, 
cleanly organized header files, and a 
comprehensive, fully-indexed manual, 
makes C TOOLS PLUS/5.0 the choice for 
experienced developers as well as new¬ 
comers to C. 

C TOOLS PLUS/5.0 prebuilt libraries 
are ready to use with either QuickC or 
the Microsoft C 5.0 command line envir¬ 
onment. Complete documented source 
code is included so that you can study 
and adapt it to your specific needs. 



List: PC Express: 

C TOOLS PLUS/5.0 

$129 

$ 99 

Turbo C TOOLS 

$129 

$ 99 

C ASYNCH MANAGER$175 

$135 

Turbo POWER TOOLS 

$ 99 

$ 75 

Turbo ASYNCH PLUS 

$ 99 

$ 75 


PANEL PLUS 

Library Source Code Gives It Complete Portability 


POLYTRON VERSION CONTROL 

Source Code Control for Any Language 


There are no end of tools for screen 
design and data entry, but none quite 
like Panel Plus. Design a screen under 
program control, use Panel’s utility to 
"run” and test it field by field, then 
pass it to Panel's code generator which 
delivers C source code. Options style 
the code to your compiler’s liking, and 
you can of course do what you like to 
the source afterward. The code calls 
Panel Plus’s function library, but now 
the library comes in source, so every¬ 
thing produced is highly portable. Not 
like other screen managers delivered 
as object libraries and which leave you 
to write the detailed code. 

Panel Plus will operate in graphics 
mode via interfaces to graphics prod¬ 
ucts it supports and can utilize the 
EGA's 43-line screen. Low-level I/O 
functions adapt it to various keyboards, 
screens, operating systems. 

Panel’s newest incarnation has every 
imaginable feature. A single screen de¬ 
sign can have 1000 fields stacked as 
visual overlays up to 127 levels deep or 


as pop-ups. Groups of fields can be 
moved between levels. Screens can be 
output as compilable code or stored on 
disk for loading at run-time. Each field 
can be boxed, colored, multi-row, word¬ 
wrapped, and scrolled horizontally and 
vertically if larger than its on-screen 
view aperture. It can be assigned its 
own help and error message, can be 
told to accept certain characters, or to 
match a picture, and to check data 
after entry—proper dates, number 
ranges, etc.—using Panel's or your own 
validation routines. You can add your 
routines to Panel's test utility because 
even it comes as source. Fields are ac¬ 
cessed in any order and control reverts 
to your application program after each 
field for choice of action. 

For past Panelists, the new version has 
smaller and faster field and screen 
functions, tighter granularity, and an en¬ 
hanced, reworked library. Major tool 
for the serious developer. List: $495, 

PC Express: $395. 


dBC Identical dBASE in Plus Files Using C 


d BCTM is a series of C libraries from 
Lattice which creates, accesses and 
updates files identical to those of dBASE 
itself. So dBASE can read and update the 
files too. 

What for? It means both C and dBASE 
applications can operate on the same 
data bases interchangably. It means C 


Payment: We honor MasterCard, Visa, Amer¬ 
ican Express (no surcharge), checks in ad¬ 
vance, or funds wired to PC Express, c/o Chem¬ 
ical Bank, 126 East 86 St., New York, Account 
034-016058. COD (U.S. only) for cash, money or¬ 
der. certified check (no fee). NY State, add sales 
tax. Purchase orders accepted from larger cor¬ 
porations and institutions at our discretion if 
you agree to net 30 days plus 2% a month late 
penalty thereafter. 

Shipping & Handling: U.S.: UPS Surface: 1st 
product $6, each add'l $3. UPS 2nd Day Air: 1st 
product $12, each add'l $6. UPS Next Day Air 
and Federal Express shipment costs based on 
weight. International: Charges vary by destina¬ 
tion and carrier. $10 per shipping container for 
export forms. Air parcel post at your risk beyond 
collected insurable amount. 


programmers can interface with the big 
market of dBASE users out there, yet 
side-step the dBASE language. It means 
dBASE applications can now be linked to 
the universe of C libraries and tools to 
add windows, graphics, statistical analy¬ 
sis, all the things dBASE cannot do. It 
means the speed and power of C to im¬ 
press clients accustomed to dBASE! 

dBC's functions parallel all dBASE's file 
handling commands, many decomposed 
to permit direct data manipulation. Our 
versions of dBC mimic file formats for 
dBASE II and III and now dBASE III Plus 
makes your programs network ready!... 
as many stations as a network allows. 
Hands-off mode handles record and file 
locking and unlocking automatically. 
Close in functions give you direct lock/ 
unlock control. 

Supports all four memory models. 
dBASE II, III...List: $250, Ours: $175. 
dBASE III Plus...List: $750, Ours: $595. 
Call for Source Code Pricing. 


PVCS allows programmers, project 
managers, librarians and system ad¬ 
ministrators to control the proliferation 
of revisions and versions of source 
code in software systems. Independ¬ 
ent programmers, the leading soft¬ 
ware publishers and LAN companies, 
and hundreds of Fortune 1000 com¬ 
panies rely on PVCS to store and re¬ 
trieve multiple revisions of text. It 
maintains a complete history of revi¬ 
sions as an "audit trail", generates 
status reports, and uses intelligent 
"difference detection" to minimize 
disk space for each new version. 

On Corporate and Network PVCS 
simultaneous changes to a module are 
merged into a single new version. If 
changes conflict, the user is notified. 


The "Logfiles" used to track changes 
are interchangeable between any 
PVCS product. 

Corporate PVCS is for multiple pro¬ 
grammers. It includes "branching" to 
maintain code when programs evolve 
on multiple paths. Personal PVCS 
offers most of the power and flexibility 
of corporate PVCS, but excludes mul¬ 
tiple programmer features. Network 
PVCS is the Corporate version for 
LANs. File locking and security levels 
can be tailored to each project. 


Ask for: 

List 

PC Brand: 

Personal PVCS 

$149 

$129 

Corporate PVCS 

$395 

$329 

Network PVCS 

Call 

Call 

PolyMake 

$149 

$129 


C-WORTHY INTERFACE LIBRARY 


T he C-WorthyTM Interface Library 
wraps an entire user interface 
around your application. Its full power 
can be summoned by only a few high 
level calls. Sound exaggerated? A single 
function call can set up a complete text 
editor in a screen window. Recently ac¬ 
quired by Solution System, over 600 
pages of Documentation, Turbo and 
Quick C version and a complete Inter¬ 
face Library have been added. 

• High level calls pop menus and scroll¬ 
able choice lists to the screen, restoring 
the background when dismissed. 
•Windowing facilities open portholes of 


up to screen size for viewing virtual 
screens larger than the physical screen. 
•Full context-sensitive help screen man¬ 
agement takes over these chores and 
error messages. Automatic routines inter¬ 
rupt with pageable text windows explain¬ 
ing what to do next. 

Novell found it "played a key role and 
accelerated development" in making its 
NetWareTM utilities easier for users. In¬ 
genious demo: call for it. 

Ask for: List: PC Express: 

C-Worthy $195 $159 

with Forms Library $295 $269 


THE SPINDRIFT LIBRARY 


Fully Functional Fortran Library. 

Spindrift’s smooth package offers 
something previously unavailable to the 
Fortran buffs...a basket of functions, 
packed to the brim. No more tedious 
coding. Just call on Spindrift with it’s 
armoury of functions. 

Any number of Windows may be 
defined, each with a striking border 
and brilliant color. Define "pop-up" 
screens, Save/Restore images, set Cur¬ 
sor shape. Snare an entire screen into a 
Character array. 


The Keyboard; read it without echo, 
or sense any keypress during execution. 
Cursor controlled directly with 
Edit keys. 

DOS interface includes: Call System, 
Call Exec, Findfrst/Findnext for (*) and 
(?) file searching. Search the Path, sub¬ 
directory and file manipulation, com¬ 
mand line argument parsing, date/time 
functions, DOS environment access, and 
much more. Other utilities also included. 

Specify compiler, Microsoft or Ryan 
McFarland. List: $149.00. Us: $129.00 
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PC EXPRESS- PROGRAMMER'S WORKBENCH 


dBASE AT THE SPEED OF C 

dBx Translates dBASE Applications to C 


You dBASETM programmers know what 
an expressive and readable language 
dBASE is. It's a very comfortable devel¬ 
opment environment. But the price is de¬ 
based performance. Even compiled 
dBASE doesn't offer the speed that some 
users require these days. The kind of 
speed offered by software written in the 
C language. The answer is dBxTM 
dBx translates dBASE to C. It offers you 
a major competitive advantage over the 
next dBASE programmer: Keep writing 
in dBASE. Take every application all the 
way to completion. Then use dBx to 
translate them top to bottom to C! 


Other advantages: C is portable, even 
to other operating systems like UNIX/ 
XenixTM To the Macintosh or Amiga. 
dBx gives your applications a passport to 
places dBASE cannot go. 

Has its own file manager for single 
user, but links to major C file managers— 
c-tree and dBC—for compatibility with 
dBASE files or multi-user support. We 
have everything you'll need, including 
good advice. 

List: Ours: 

dBx $550 $419 

with Library Source $950 $725 

Call for Full Source Pricing 


BRIEF/dBRIEF 

The Power Environment for dBASE Programming 


Many worthy utility products supply 
needs that dBASE® 's programming lan¬ 
guage doesn't—dUTILTM dFLOWTM 
and a host of others. Trouble is, you have 
to use them separately, then combine 
their output into your dBASE program 
files. 

No longer. dBRIEFTM written in 
BRIEF's macro language, grabs hold of 
BRIEF and turns it into a complete dBASE 
III and III Plus programming domain. 
Using BRIEF's underlying shell capabili¬ 
ties and its own interfaces, dBRIEF can 
run external utility libraries, plus dBASE 
itself, and link to the ClipperTM, 
Foxbase+TM and Quicksilver compilers, 
all with dBRIEF still loaded and running 
the show. It can do what BRIEF already 
does plus : 


• Convert a screen layout into dBASE 
code for interactive data entry. 

• Display dBASE file structures in 
windows, a great convenience alongside 
your program files. 

• Expand keystrokes into full dBASE 
statements. 

• Indent automatically for clegic 
display. 

• Create databases; index files; invoke 
Ashton-Tate's dFORMATTM and 
dCONVERTTM; draw lines and boxes. 

"Simply marvelous programming en¬ 
vironment for writing and editing dBASE 
programs.", PC Magazine, 7/86. Source 
code included! 

Requires BRIEF 1.32 or later and 384k; 
512k to run dBASE within dBRIEF; 640k 
and harddisk recommended. 

BRIEF/ dBRIEF...List $275, Ours: $219. 


APPLICATIONS PLUS For dBASE 

The Complete dBASE Companion 


Who says you can't have it all? 

APPLICATIONS PLUS has everything 
you need to get the most out of dBASE: 
An application generator (QUICKCODE 
PLUS), relational report writer (QUICK- 
REPORT), and graphics system 
(dGRAPH). 

QUICKCODE PLUS offers dozens of 
features you've never seen before in a 
dBASE code generator. Relational appli¬ 
cations that read, display, and update a 
dozen or more databases simultaneously. 
"Real-time" calculations, performed on 
screen as the user enters each field. 
Forms up to 11 screens long, with the 
ability to pass data between screens. 
Computational formulas that automati¬ 
cally combine data from different data¬ 
bases. 9 Data types. 16 field types. 


QUICKREPORT is a full-featured rela¬ 
tional report writer, which combines up to 
6 databases in one report, handles many- 
to-one relations, fancy printer features 
(like bold and italics), computed fields, 
and up to 16 levels of totalling and sorting. 

dGRAPH is a graphics system that pro¬ 
duces bar, pie, line, and piebar charts 
directly from dBASE data. Dozens of op¬ 
tions let you tailor graphs to your needs. 

APPLICATIONS PLUS is 100% compa¬ 
tible with Clipper and FoxBASE+. 


APPLICATIONS 

List: 

Ours: 

PLUS 

$299 

$249 

QUICKCODE PLUS 

$295 

$170 

QUICKREPORT 

$295 

$170 

QUICKENTRY 

$ 99 

$ 59 


NOVELL: BTRIEVE, XQL, XTRIEVE 


Sophisticated Tools Essential 
For Fast Database Handling 

Btrieve is a library of subroutines that 
allows the programmer to build a data¬ 
base application using any language. It 
takes complete charge of all file creation, 
indexing, reading, writing, insertion, 
deletion, forward and backward search¬ 
ing. Its balanced tree indexing scheme 
finds any key in a million in less than 4 
accesses...That’s fast! 

Btrieve is multi-lingual also. It includes 
more than 20 language interfaces (includ¬ 
ing C, BASIC, PASCAL, FORTRAN). 
However if it turns out that you are using 
something a little unusual, worry not. The 
manual includes a chapter on how to 
write a language interface to Btrieve. 

Btrieve’s vital statistics are equally im¬ 
pressive. Files may have up to 24 indexes; 
fixed record length to 4090 characters; 
variable length to 64K; indexes to 255 
characters; files of 4 billion bytes. Net¬ 
work support includes Novell, 3-COM, 
IBM PC NET, Software Link’s Multilink 
and many others. 

XQL is a relational database manage¬ 
ment system designed especially for pro¬ 
grammers. Imagine being able to access 
your database with the ease of SQL 
(Structured Query Language) statements 
and still having the power to process that 
data right down to the byte level. 

Think about your applications. A large 
part of your software development effort 
is probably devoted to managing data 
stored in files on disk. Hours spent writ¬ 
ing lines of code to search and store data 


records could have been used to pro¬ 
gram more important parts of your appli¬ 
cation. Why not let XQL do it for you. 
XQL will increase your programming 
productivity and let you focus on building 
better applications. 

The XQL system works in tandem with 
Btrieve and has an equally powerful 
chassis...No limit on the number of 
records per file. Max. file size is 4 giga¬ 
bytes, Max. record size equals 4K, Max. 
indexes per file is 24. The one version 
works for single or multiuser systems, 
DOS Ver 3.0 or greater. All languages 
are supported. 

Xtrieve is the final ingredient in the 
Novell programming recipe. It is a menu 
driven, data retrieval system, that allows 
you to quickly find information and dis¬ 
play reports. System developers can 
easily customize Xtrieve to display com¬ 
mand menus, help files, and error mes¬ 
sages in the English spoken by the cus¬ 
tomer. Xtrieve screens then gives menu 
choices that users can quickly recognize, 
making Xtrieve an easy product to use 
and understand. 

Report Option for printing customized 
reports, form letters, mailing labels & 
statements. 



List: 

Ours: 

Btrieve 

$245 

$175 

Btrieve/N 

$595 

$445 

XQL 

$795 

$595 

Xtrieve 

$245 

$220 

Xtrieve/N 

$595 

$459 

Report Option 

$145 

$128 

Report Option/N 

$345 

$269 


GSS GRAPHICS SYSTEM 

Leave the Device Driving to GSS 


For serious applications stick to the tools 
that stick to the standards. Not the least of 
reasons why GSSTM has emerged as the 
pre-eminent graphics toolmaker is that it 
has always conformed to ANSI standards. 

At the heart of the system is the CGI 
standard Development Toolkit. It has all 
language interfaces and device drivers 
for keyboards, mice, joysticks, tablets, 
printers, plotters, cameras. The drivers 
completely insulate your application 
from concern for device idiosyncracy. 

GSS KemelTM conforms to ANSI's GKS 


2 b and has all its drivers and language 
bindings. Macro level tools to draw, color, 
segment, transform, store and recreate 
an object. The Metafile Interpreter reads 
ANSI CGM files with full CGI capability 
for recreation on various devices. 

Quality software? IBM thinks so. They 


sell GSS under their own label. Royalties. 

Needs 256k. 

List: 

Ours: 

CGI Dvlpment Toolkit 

$495 

$425 

Kernel System 

$495 

$425 

Kernel for IBM RT 

$795 

$645 

Metafile Interpreter 

$295 

$265 


CLIPPER $399 

"D P.P RELATIONAL <fcl O Q 

I\OCl\ REPORT WRITER N*Ji 


MICROSOFT LANGUAGES 

Powerful Implementations Of The Most Popular 


Programming Languages 

Microsoft C 5.0: The flagship of the 
Microsoft line runs up to 30 percent faster 
than its predecessor. Its new optimization 
features deliver untouchable execution 
speeds, 100 new additional library 
routines... 

Microsoft MacroASSEMBLER 5.0: If 
you ever wanted to take on the challenge 
of assembly, here's your opportunity. 
"MASM" 5.0 is a lot easier to use, has 
completely revised documentation, and a 
new "Mixed Language" programming 
guide that gives you step by step instruc¬ 
tions for linking your assembly code with 
other Microsoft languages. 

Microsoft QuickBASIC 4.0: is a revolu¬ 


tionary concept in BASIC programming. 

It allows you to run, edit, debug, and run 
again. Our friends at Microsoft have elim¬ 
inated the dreaded compile step. When¬ 
ever you edit your code QB4 automa¬ 
tically incorporates your changes, so that 
it can run a program of 150,000 lines in 
less than a minute. 

Each member of this language family 
includes the renowned debugger 
CODEVIEW. 



List: 

Ours: 

Microsoft C 

$450 

$295 

Microsoft Macro¬ 



ASSEMBLER 

$150 

$109 

Microsoft QuickBASIC 

$ 99 

$ 66 

Microsoft FORTRAN 

$450 

$295 


MORE PROGRAMMING 
TOOLS FOR... 

dBASE, C, FORTRAN, BASIC, 
COBOL, PASCAL 

dbc ISAM, FoxBASE, Greenleaf, Halo '88, 
Logitech MODULA, MicroFocus COBOL, 

Norton Utilities, Panel Plus, Periscope, Phoenix, 
Polytron, RM/COBOL, Sprindrift, Tom Rettig's 
Library, Windows for Data...and many more. 

Call or write for prices and 
information. _ 

CIRCLE NO. 233 ON READER SERVICE CARD _ 
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NEXPERT OBJECT 


NEXPERT’S RECENT UPDATE 

Neuron Data recently announced ver¬ 
sion 1.1 of Nexpert Object. According 
to the company, new features include 
a stricter syntax and enhanced syntax 
checker, a compiled format for saving 
knowledge bases, string and date con¬ 
version functions, categories on rules 
and slots to dynamically disable for¬ 
ward and backward chaining, en¬ 
hanced facilities for object and rule 
editing (including flip pages), and in¬ 
teger, date, and time data types. The 
product’s documentation, a major 
problem with version 1.0, has been 
dramatically improved. 

In addition, Neuron Data has 
added new debugging capabilities and 
design aids, such as breakpoints, ses¬ 
sion journaling, and a view line that 
displays a complete string when 
browsing the rule network. The Call¬ 
able Interface now has calls to com¬ 


pile a knowledge base or structures, 
control journaling, and change infer¬ 
ence strategy. 

The company announced two 
add-on tools, nextra, a Macintosh- 
based knowledge-acquisition tool, 
obtains information from the user 
through interactive interviews, struc¬ 
tures the knowledge into logical rela¬ 
tionships, graphically represents the 
knowledge, and automatically gener¬ 
ates rules and objects, nextra applica¬ 
tions can be imported into Nexpert 
applications running on other plat¬ 
forms. V.I. Corporation is developing 
another Nexpert add-on product—a 
bridge to link DataView with Nexpert 
to provide interactive and dynamic 
graphics capabilities similar to those 
found in Texas Instrument’s Personal 
Consultant Plus. 

—Maxine Fontana 


inference. The developer also must cre¬ 
ate a Report File for presenting object 
values to the client. 

Run-Time Definition (RTD) files in 
Nexpert contain several different sec¬ 
tions: Global; Start-Session; and Ques¬ 
tion, Menu, Property, Key, and End- 
Session Definitions. The Global Defini¬ 
tions section includes commands for 
which knowledge base to load and 
how to start the inference process (for 
example, automatically or in response 
to a function call). 

The Start-Session Definitions op¬ 
tion prompts the user to suggest hy¬ 
potheses and volunteer information be¬ 
fore inferencing begins, while the End- 
Session Definitions option directs the 
system to display reports after inferenc¬ 
ing. Unfortunately, Nexpert includes no 
tools to help build these files from 
scratch, and the developer bears re¬ 
sponsibility for learning how to use the 
language creatively. 

The developer composes Report 
Files using yet another formatting lan¬ 
guage, which includes statements to 
control text positioning, attributes, and 
conditionals on object values. After 
constructing the RTD files, the devel¬ 
oper can run the application under 
NORT by executing Nexpert with the 
name of the RTD file. 

NORT’s application-delivery envi¬ 
ronment has a number of advantages 
over competitors, including the capabil¬ 
ity to create custom-designed screens, 
the ability to control the environment 
with a programming language, and the 
option to use a text editor. Another 
useful feature is the ability to specify 
generic forms for classes, objects, and 


properties. The RTD file specifies use 
of a particular form whenever a prop¬ 
erty value of an object in zero or more 
specified classes is sought. Many of the 
other low- or midrange expert systems 
lack this capability. 

NORT also makes it easy to specify 
questions and forms for specific hy¬ 
potheses and to assign functions to key 
combinations at runtime. NORT pro¬ 
vides an additional way to display text 
and graphics files directly by including 
commands in the RTD file. At present, 
however, NORT supports graphics cre¬ 
ated and displayed only on an EGA sys¬ 


tem. After the RTD file completes the 
inference process, control returns by 
default to the NORT main menu. 

Like other Nexpert features, NORT 
is too complex for beginners. Although 
NORT has a menu-based development 
interface, it shares some similarity and 
terminology with the Nexpert develop¬ 
ment screens and can be confusing. 

POWERFUL POSSIBILITIES 

Several excellent features help Nexpert 
Object stand out as a powerful, innova¬ 
tive development toolkit for practical 
applications. Integration of backward- 
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and forward-chaining mechanisms with 
dynamic control over the process al¬ 
lows the developer to customize the 
inference process to an extraordinarily 
detailed level. The sophistication of re¬ 
sulting systems is limited only by the 
developer’s ability to track and debug 
the process—which is greatly aided by 
the Inspector utility. 

The symmetry of Nexpert rules is 
an elegant approach, making possible 
powerful inference behavior. In addi¬ 
tion to inheriting properties from mul¬ 
tiple ancestors (which sets the frame¬ 
structuring capabilities apart from most 
low- and midrange tools), Nexpert ob¬ 
jects and classes also can inherit prop¬ 
erties from multiple descendants, mak¬ 
ing true frame lattices possible. 

Nexpert’s original documentation 
is, unfortunately, the system’s worst fea¬ 
ture. A developer has no choice but to 
wade through pages of background 
material on expert systems and AI that 
is so poorly presented that users will 
become mired in confusion over even 
elementary concepts. As this article was 
being prepared, however, Neutron Data 
announced version 1.1 of Nexpert Ob¬ 
ject. In the new version, the company 
has addressed many of the deficiencies 
in the documentation and has added 
new features and capabilities (see the 
accompanying sidebar.) 

Nexpert is an excellent set of tools 
for a wide range of application require¬ 
ments and developer skills. It offers 
developers well-versed in traditional 
languages, such as C, an extremely 
powerful environment for developing 
expert systems. Moreover, the ability to 
embed Nexpert in other types of soft¬ 
ware sets it apart from other shells and 
gives it a tremendous base of potential 
applications—made all the more invit¬ 
ing to prospective developers by the 
elimination of a direct user interface. 
Systems produced this way can be 
more complex, more sophisticated in 
their information needs, and better 
streamlined for specific application en¬ 
vironments. Nexpert is a powerful tool 
that heralds the arrival of a new wave 
of integrated expert systems. 1 mmnnn m 

Neuron Data 
444 High Street 
Palo Alto, CA 94301 
415/321-4488 
Nexpert Object: $5,000 
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Tom Arcidiacono is an instructor of com¬ 
puter science at the New York histitute of 
Technology and a consultant in knowl¬ 
edge-based systems development. 



You’re in good company when you 

slide the PLUS 8 MC™ multiuser board 

into your new generation PC. A lot of 

high profile companies use them to connect viil'ft 

terminals, printers, plotters, modems, and 

other PCs to the new personal computers. ^\I il 

Simple. Low cost. And it’s compatible with 

most multiuser systems. 

Find out why the major companies use the PLUS 8 MC. 
You’ll discover that they have a good reason. 

CALL: 1-800-STAR GATE — i — /f* A 

Star Gate Technologies, Inc. *■■■» 

29300 Aurora Road • Bentley Park South 


Solon, Ohio 44139 • Telefax No. (216) 349-2056 
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.Oil get intelligent 


IEEE-488 and RS232 


ports to make instru¬ 
ment programming 


fast and easy. 


You can have up to 


4 Mbytes of memory 
on the same board for 


your largest programs. 


RAM disks, and data acquisition tasks. 


Compatibility is built-in so you can run your favorite programs 


or create new ones with our advanced programming tools. 


To get your FREE demo disk—call 617-273-1818, 
Capital Equipment Corp. 

Burlington, MA 01803 


The bottom line—IEEE-488, RS232, par. port, 4MB EEM LIM, runs DOS and OS/2. 


POWER TOOL. 

Introducing 4X489 ™ 
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♦ TOPS' 

A Sun Microsystems Company 


"I first became acquainted with 
TOPS® when one of my friends 
in R & D gave me a copy of it. 

I brought it home, connected my 
Macs and PCs, and really liked 
it. At that point I became a fan... 
Now we use TOPS in work groups 
throughout the office!' 

"One of the big advantages 
of TOPS is that it actually makes 
connectivity between different 
operating systems pretty simple. 
Macs and PCs can be connected 
using simple phone wire, and 
you can also connect to Sun™ 
workstations!' 

"We use TOPS with our 
multi-user database manager, 
Paradox™...and the LAN version 
of our spreadsheet program, 
QuattroT We love its ease of use 
and intuitive interface!' 

"But even more important is its 
pricing edge. I thinkTOPS is a 
great idea. I'm surprised I didn't 
come up with it myself.'' 

— Phft/ippe Kahn, Founder & CEO, 
Borland International 

TOPS, 950 Marina Village 
Parkway, Alameda, California 
94501 (415) 769-8700 

KAHN 

ON 

TOPS 
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TOKEN-RING CABLING 
SYSTEM PLANNER 2.0 

Architecture Technology Corporation 
R O. Box 24344 
Minneapolis , MN 55424 
6121935-2035 

PRICE: $295 
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B uilding a LAN is not a task to be 
taken lightly—particularly the 
planning stage. Whether the proj¬ 
ect involves five PCs or a multi-LAN sys¬ 
tem, the network designer should de¬ 
velop a comprehensive plan before the 
installer pulls the first cable. 

The Token-Ring Cabling System 
Planner 2.0, from Architecture Technol¬ 
ogy Corporation, helps the network 
designer do just that. The database pro¬ 
gram keeps track of all IBM Token-Ring 
cabling specifications, determines costs, 
and checks for Token-Ring design-crite¬ 
ria violations. 

The plan for a network, called a 
layout, can include a work group, a 
floor of a building, a department, or 
multiple Token Rings. The designer can 
combine as many as 40 layouts to cre¬ 
ate one large master layout. 

The program’s main menu has 
four options: main, reports, database, 
and miscellaneous. Navigating the pro¬ 
gram with familiar pull-down menus is 
reasonably intuitive, but a careful re¬ 
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SYSTEM PLANNER 2.0 

Architecture Technology 
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KEYWORKS ADVANCED 
VERSION 1.0 

Alpha Software 


view of the manual is recommended to 
insure understanding of the terminol¬ 
ogy and requested information. 

The database option assigns costs 
to component names. The cost data¬ 
base option calculates the cost of the 
total network installation, including 
component costs, labor rates, and per- 
foot charges for cable. The miscellane¬ 
ous menu allows the designer to turn 
the screen color on or off; duplicate, 
rename, or erase files; switch to a new 
directory; or check memory status. 

The designer enters information 
with a moving viewport (representing 
an area of 20-by-74 feet). One screen 
character equals 1 foot, and virtual 
floor space can be a maximum of 
1,000-by-1,000 feet (grid coordinates 0 
to 999). The designer moves around 
the virtual screen using the Tab and 
cursor keys or with a mouse (by using 
the /m option to invoke the program 
from the command line). Cursor move¬ 
ment is quick because the planner uses 
character-mode video. 

An office floor plan with a trans¬ 
parent grid overlay and a sketch of the 
network helps locate exact coordinates 
and resolve design errors. The de¬ 
signer enters information for a compo¬ 
nent by moving to the desired grid 
coordinates and entering the first letter 
of the device (an F, for example, to 
locate a faceplate, or a W for a wiring 
closet). The designer can place several 
components at the same grid coordi¬ 
nates with the wiring-closet descriptor, 
including faceplates, multistation access 
units (MAU), panels, repeaters, and 
surge suppressors. 

Information required for each net¬ 
work item includes cable type and ID, 
ring number, source and destination 
location, and distance calculation 
method. The program automatically cal¬ 
culates direct line or right-angle dis¬ 
tances once the two ends of a cable 
are identified, or the designer can cal¬ 
culate and enter the distances and ex¬ 


tend the calculated cable distances to 
account for nonstandard ceiling heights 
or use the default setting of 20 feet. 

Faceplates require additional infor¬ 
mation that includes faceplate type, 
adapter address, and device ID, such as 
“Joe’s AT” or a number scheme. Com¬ 
ponents other than faceplates require 
a description in addition to the data 
items mentioned. 

The program defines all cable runs 
from the workstation to the wiring 
closet and back to the workstation. 
When it encounters a second occur¬ 
rence of a cable ID, the program cop¬ 
ies the database information into the 
current layout and completes the dis¬ 
tance calculations. It is best to key ei¬ 
ther all the workstation information 
first or all the wiring closets first. 

The designer edits components on 
the layout by placing the cursor over 
the letter representation and pressing 
the Enter key. A window pops up with 
the following options: show/edit, to 
look at or change the component infor¬ 
mation; move, to move the component 
to another grid location; trace, to show 
a highlighted trace of where (but not 
how) the cable runs; and delete, to de¬ 
lete the component from the layout. 

The slash key accesses the global menu 
within the layout. 

Once all of the unit-cost, cabling, 
and component information is com¬ 
plete, the designer can generate char¬ 
acter-based reports printed on 8.5-by- 
11-inch paper. The cable-list report cat¬ 
alogs all cables in a specified group of 
layouts, with options to sort by cable 
ID, component description, or source 
location. Most cables will have two en¬ 
tries, one for source and one for desti¬ 
nation; single-entry cables are excep¬ 
tions and need to be investigated or 
explained. The estimated cost report 
applies the cost database to the list of 
components and cable lengths and gen¬ 
erates a total cost for the network. An 
ID-labels report generates cable labels. 
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The locator-chart feature is similar 
to IBM’s locator chart and supplies the 
Token-Ring adapter information for the 
network with the appropriate 48-bit 
address, device ID (usually a PC name), 
ring number, and MAU ID. The ring- 
sequence chart lists the main ring path 
connecting each MAU to another MAU 
and is an automated version of IBM’s 
ring-sequence chart. 

The summary report gives a list of 
all components, cable runs, and lengths 
and calculates total cable lengths, ad¬ 
justing for different cable types (the 
baseline is cable types 1 and 2 as in 
the IBM documentation). The report 
also estimates the approximate propa¬ 
gation delay in the main ring and in 
the total ring when all devices are ac¬ 
tive. The exception report, usually asso¬ 
ciated with a planning piece of soft¬ 
ware, shows all violations of docu¬ 
mented Token-Ring design criteria. 

The program did a good job of 
catching open-ring errors and excessive 
lobe lengths in a layout intentionally 
created with several design-constraint 
violations. The program also issued a 
warning about using type 6 (patch ca¬ 
bles) longer than 150 feet. 

The planner failed to supply a cor¬ 
rect error message, however, when the 
adjusted ring length (ARL) combined 
with the longest lobe exceeded the 
maximum design allowance. With an 
ARL of 1,539 feet, the planner stated, 
“Warning: 47 feet exceeds the recom¬ 
mended maximum lobe length of 
-419.” A clearer error message could 
have been, “Warning: the ARL exceeds 
maximum design distances.” 

The planner also failed to reset the 
error messages in the database when a 
component was moved on the layout 
from an error location to a valid loca¬ 
tion. The user must enter a new com¬ 
ponent in the layout to reset the error 
message. Architecture Technology plans 
to fix these bugs in a future revision. 

Overall, the Token-Ring Cabling 
System Planner is a useful tool that can 
expedite some of the less desirable 
chores necessary to plan a network. 

The product, however, is not a replace¬ 
ment for careful planning. Moreover, 
because the planner lacks a detailed 
discussion of Token-Ring design con¬ 
straints, it is best suited for the net¬ 
work designer who is already familiar 
with Token-Ring concepts. The experi¬ 
enced designer building small depart¬ 
mental networks that eventually expand 
into larger LANs will find this program 
particularly worthwhile. 

—GARY GUNNERSON 
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Alpha Software Corporation 
1 North Avenue 
Burlington, MA 01803 
617/229-2924 

PRICE: $299 



T he IBM PC’s interrupt structure 
and open architecture have cre¬ 
ated a flourishing market for 
products that do not exist elsewhere in 
computing. One example is the key¬ 
board enhancer. A programmer cannot 
write this kind of program for a main¬ 
frame or a minicomputer with an ASCII 
terminal—not even in assembler. On a 
desktop PC, however, a keyboard en¬ 
hancer is not only possible but often 
quite useful. 

Alpha Software Corporation’s 
Keyworks Advanced Version 1.0 is a 
keyboard-enhancer program of the 
genre pioneered and dominated by 
RoseSoft’s ProKey (the first successful 
keyboard enhancer) and Borland’s 
SuperKey. Keyworks has some addi¬ 
tional features that will be of particular 
interest to microcomputer managers, 
dealers, and VARs. 

Similar to ProKey and SuperKey, 
Keyworks is loaded into memory after 
bootup and remains resident. It steals 
the PC’s keyboard-interrupt vectors 
and gets an opportunity to intercept 
keyboard signals before anything else, 
including MS-DOS. This allows the user 
to redefine any key on the keyboard as 
any combination of keys. The FI key, 
for example, could be redefined to 
send the codes for “dir /w” instead of 
its usual code. 

These convenient macros also can 
substitute for lengthy keystrokes. Lotus 
1-2-3 or word-processor users, for ex¬ 
ample, can place a frequently executed 
sequence of commands into a macro 
and press a single Ctrl- or Alt-key com¬ 
bination instead. 
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See us at booth R8700 


Vail '88 


November 14—18, 1988 
Riviera Hotel, Las Vegas, Nevada 


EASYFLOW 

An on-screen flowchart processor that knows about flowcharts - not just 
n another “screen draw ” program that makes you do most of the work. 
EasyFlow is a powerful full-screen graphics program dedicated to flowcharts 
and organization charts. With it you can quickly compose charts. More 
important, you can easily modify charts so they are always up to date. 

► Automatic: Fully automatic text centering within shapes, both horizontally and 
vertically. Fully automatic line routing & re-routing. 

► Fast: Written in assembly language tor speed. 

► Large: Charts up to 417 columns wide by 225 lines high. Chart too large for your 
printer? EasyFlow automatically breaks the chart up & prints it in page size pieces. 

► Standard: All standard flowcharting shapes included. Custom shapes can be ordered. 

► User friendly: Don’t take our word for it. PC Magazine says “EasyFlow lives 
up to its name. It’s hard to imagine any easier and more flexible way to produce 
basic and even complex flowcharts’’. [March 10th 1987 issue, page 278.] 

► Mouse: Optional but fully supported. 

► It prints: On most popular matrix printers including IBM, Epson, Toshiba, HP 
LaserJet, LaserJet-Plus and many others. 

► It plots: On HP7440, 7475, 7550, 7570, 7585B and compatible plotters. 

► It works: We are contractually prevented from mentioning the name of the "big 
eight" accounting firm that purchased a world-wide site license, but we can tell 
you that they spent months evaluating all available flowcharting packages before 
choosing EasyFlow. 

► Rush delivery: Order by noon today (eastern time) and you’ll have it tomorrow. 
Rush delivery charge is $10.50 (instead of $2.00) and is available only to 
continental USA and Canada. 

► Documented: 100 page manual plus over 150 screens of context sensitive help. 

EasyFlow works on IBM PC’s, IBM PS/2 and compatibles. Requires 384 K memory, 
DOS 2.0 or higher and an IBM CGA/EGAA/GA or Hercules monochrome compatible 
adapter card. 

Order direct for only $149.95 + $2.00 S&H (USA/Canada), $10.00 (foreign). Payment 
by M.O., cheque, VISA, Mastercard or Company PO. 
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Central files'- 
complete 
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form 


In addition to logging 
the complaint* the search 
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The chart fragment above was produced on an HP LaserJet-Plus and is actual size and 
unretouched. Publication quality charts like this can be produced using only minutes of preparation 
time and seconds of print time. 


HavenTree Software Limited 

PO Box 1093-N 

Thousand Island Park, NY 13692 


Order Desk: 1-800-267-0668 
Information: (613) 544-6035 ext 48 
Telefax(G3): (613) 544-9632 
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In addition, Keyworks permits an¬ 
other kind of redefinition. Besides de¬ 
fining single keys, the user can define 
the sequence “asap,” for example, to 
be shorthand for the words “as soon as 
possible,” allowing the user to define 
text for memos, forms, and program 
source code within a word processor 
or text editor. ProKey and SuperKey 
(when used with SideKick) also have 
these functions. 

What sets Keyworks apart from the 
other two products, however, is its pro¬ 
gramming language, which permits 
macros to incorporate sophisticated 
logic. Its macros can read and write to 
the screen, check to see if specific text 
is displayed, display menus, and 
prompt for information. The micro 
manager can use Keyworks to inexpen¬ 
sively integrate disparate programs 
without buying into an environment 
such as Quarterdeck’s DESQview or 
Microsoft Windows. Keyworks is avail¬ 
able in a Standard Version and an Ad¬ 
vanced Version. Only the latter has this 
programming language. 

To install Keyworks, the user sim¬ 
ply copies the diskette to an appropri¬ 
ate directory. A setup program is pro¬ 
vided, but is needed only if the user 
wants to change the default values for 
the macro and text buffers, key assign¬ 
ments, or the program’s window bor¬ 
der and screen colors. After installation, 
KEYWORKS.EXE must be called from 
the AUTOEXEC.BAT file to install the 
program each time the PC is booted. 

The user activates Keyworks by 
pressing the plus key on the numeric 
keypad (called the menu key, it can be 
reassigned if needed) and a small 
menu is displayed in the upper left- 
hand corner of the screen. A reas- 
signable bypass key tells Keyworks not 
to process the next key as a macro. 

A host of control functions are 
available from the menu. Otherwise, 
Keyworks silently monitors the PC’s 
keyboard, checking for macros and 
shorthand. To define a macro, the user 
must pop up the menu and tell Key- 
works to record keystrokes until the 
definition is complete. Once saved, the 
user can edit the keystrokes in source- 
code form. The source code for Key- 
works macros resembles Lotus 1-2-3 
macros. Key words and special keys are 
enclosed in braces. Other main-menu 
options include a DOS file manager, 
file encryption and decryption, and a 
cut-and-paste function. 

Although developers actually pro¬ 
gram with Keyworks, Nicklaus Wirth 
can rest easy: the Keyworks macro lan- 
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guage will never replace Pascal as a 
structured language for writing com¬ 
plex applications. For a macro proces¬ 
sor, however, the Keyworks macro lan¬ 
guage is powerful; it includes state¬ 
ments for text I/O, matching text on 
the screen, arrays, looping, condit¬ 
ionals, logical operations, labels, and 
invocations of macros as subroutines. 
Macros can even be placed on disk and 
loaded from other macros as needed, 
permitting the developer to write large 
applications. 

Keyworks has a 10,000-keystroke 
macro buffer, but screen I/Os and 
menus can quickly fill this up. External 
macros, which the developer can create 
through the main menu, solve this 
problem. The main menu parses a nor¬ 
mal macro and stores it in a file with 
the macro ID as the name and .KBI as 
the extension. By referencing the 
macro name, the developer can call an 
external macro from a RAM-resident 
macro. An external macro cannot call 
another external macro, but a clever 
programmer can circumvent this with a 
driver macro and control variables. A 
developer can create many external 
macros because each is a separate file. 

The programming language also 
includes powerful screen operations, 
such as positioning the cursor, display¬ 
ing text and menus (including the 
Lotus moving-bar type), prompting for 
information, drawing boxes, and saving 
and restoring the screen. Keyworks 
also provides slides, which are cap¬ 
tured screens (text only, unfortunately) 
that the user can redisplay and use for 
a demo program or a help system 
within an application. 

Keyworks supports print-enhance¬ 
ment macros, which are macro strings 
directed to the printer (serial or paral¬ 
lel), but not to the screen and key¬ 
board. Print macros are prefixed with 
an ampersand and followed by a single 
character. The user embeds them in 
on-screen text (such as spreadsheet 
text cells). When the spreadsheet is 
printed, Keyworks intercepts the am¬ 
persand, looks up the macro, and in¬ 
serts the appropriate control strings. 
This capability allows effective use of 
laser printers, which allow multiple 
fonts, different type sizes, and special 
effects from programs that do not nor¬ 
mally support these printer features. 

If Keyworks has a weakness, it is 
macro debugging—only a simple, 
single-step facility is included, which 
makes entering and testing complex 
macros tedious. Writing a Keyworks 
macro is actually programming; despite 


the unusual environment, the rules of 
good programming still apply—proper 
design and structure, followed by thor¬ 
ough testing of code. 

Having to program macros is a 
small price to pay for the power Key- 
works provides. Its macro language 
suggests many unusual applications. A 
product developer could write macros 
that allow an untrained salesperson to 
demo software with one key, complete 
with annotated screens. A help system 
could be added to a complex program, 


complete with local operating proce¬ 
dures. An accounting package could be 
streamlined with additional macros and 
print enhancements. 

Considering the cost of moving 
these applications to Windows or 
DESQview (for older, larger, or less 
friendly programs, this is not even an 
option), Keyworks is a cost-effective in¬ 
tegration tool. Dealers, VARs, and mi¬ 
crocomputer support managers should 
give this product a close look. 

—MARTY FRANZ I "immiii s 


from any 1600 bpi tape into your IBM PC/XT/AT or compatible with 
Digi-Data’s 2000 PC™. Transfer data at over 1 megabyte/minute, 
in up to 64K blocks with our easy to use DOS/XENIX software. 
Read entire tapes in EBCDIC or ASCII or select particular files. 
Backup your data, either in mirror image or by individual files. 

Let Digi-Data, with 25 years experience in the manufacture of 
quality tape drives, resolve your data interchange, disc backup 
or archival storage needs with a Digi-Data 2000 PC. Call us today 
at (301) 498-0200. 

Digi-Data also offers Series 2000 tape systems for DEC com¬ 
puters. And our GIGASTORE™ tape system provides DEC and 
IBM PC computers with 2.5 gigabytes of storage capacity. 

DIGI-DATA CORPORATION 
8580 Dorsey Run Road 
Jessup, MD 20794-9990 
(301) 498-0200 
Telex 87-580 
® ... First In Value 


In Europe contact: Digi-Data Ltd. • Unit 4 • Kings Grove • Maidenhead, Berkshire 
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helps save time, money, and cut frustrations. Compare, evaluate, and find products. 


FREE Catalogs and Guarantee 

Whether you’re searching for an obscure product no 
one seems to know about, or you just want to know 
which of 5 competitors makes the most well-regarded 
product, our catalogs make finding software easier. 

- Comprehensive Product Listing, filled with over 
1,000 products 

- Popular Programmer’s Tools, containing the most- 
requested titles (over 300 in all) from each category. 

- Dbase Programmer’s Catalog with over 60 
development tools. 

We’ll also help you select products with free advice or 
literature. Plus full guarantee on any recommended 
product. Mention “PTB88.” 

Call to request a catalog or information today. 

Our Services: 

• International Sales Desk • Dealers Inquiry 

• Compare Products • Newsletter 

• Help Find a Publisher • Rush Order 

• Evaluation Literature FREE • Programmer’s Update 


386 Development Tools 


386 Assembler/Linker - by Phar Lap $ 399 

FOXBASE+ /386 $ 419 

High C - 386 Call 

Hoops/386-32 - for High C/386 $ 489 

Lahey Fortran F77L-EM/32 Call 

NDP C-386 $ 549 

NDP Fortran-386 $ 549 

Paradox/386 $ 649 


Al-Expert Systems Dev’t. 


CxPERT v3.0 - shell for C 

$ 389 

Exsys Professional - by Exsys 

$ 695 

Neural Networks Professional 11 

$ 949 

Personal Consultant Plus 

$2589 

Al-Languages 

A.P.T. - Active Prolog Tutor 

$ 49 

ARITY Combination Package 

$ 979 

PC Scheme LISP - by TI 

$ 79 

TransLISP PLUS - call MSC routines 

$ 99 

TURBO PROLOG v2.0 - by Borland 

$ 119 

Turbo Prolog Toolbox 

$ 79 

Assemblers 

MS Macro Asm 

$ 105 

OPTASM - by SLR. 75K lines/minute 

$ 119 

Turbo Assembler/Debugger 

$ 109 

Visible Computer 80286 

$ 85 

Visible Computer 8088 

$ 65 

Basic & Addons 

Exim Toolkit 

$ 85 

LaserPak Professional - by Crescent 

$ 139 

MS QuickBASIC v4.0 

$ 69 

QuickPak Professional - by Crescent 

$ 139 

C Language - Interactive 

C-terp - by Gimpel, Full K&R 

$ 239 

C Trainer - by Catalytix 

$ 109 

Instant-C - source debug 

$ 349 

Instant-C/16M - build 14 meg exe 

Call 

Turbo C-terp 

$ 119 

| C Language - Compilers 



AZTEC C86 - Commercial 
High C-286 - by MetaWare 
Lattice C - v3.3 

Microsoft C 5.1 - with CodeView 
Microsoft QuickC 
Turbo C - by Borland 
Watcom C6.0 - highly optimized 


CASE & Prototypers 


Dan Bricklin Demo II 
Interactive EasyFlow - flow charts 
Show Partner-FX - graphic demos 
Visible Analyst Workbench - CASE 

* * 'Call for CASE andAototyping info' 


COBOL 


COBOL/2 - by Micro Focus 
MS COBOL v3.0 - OS/2 support 
Realia COBOL 


Call 
Call 
$ 279 
$ 299 
$ 69 
$ 109 
$ 269 


$ 179 
$ 129 
$ 299 
Call 


$ 819 
$ 639 
$ 859 


DataBase & File Management 


Advanced Revelation 
CLARION - complete environment 
DataFlex - by Data Access 
DataFlex - multiuser 
Eagle - by Migent 
Informix 4GL 

Magic PC - visual database 
Paradox v2.0 
R:base for DOS 


$ 779 
Call 
$ 605 
$1040 
$ 419 
Call 
$ 179 
$ 535 
$ 559 


386 PROGRAMMERS: Special Prices 

on Solid Tools 



List 

Normal SPECIAL 

NDP C-386 by MicroWay 

$595 

$549 

$499 

NDP FORTRAN 386 From MicroWay, globally optimizing compilers 
syntactically and operationally compatible to Berkeley 4.2 Unix F77, 
PCC, with MS/DOS extensions for easy porting. 

$595 

$549 

$499 

FoxBASE PLUS/386 Solid Dbase environment from Fox Software. 

$595 

$419 

$369 

VM 386 Multitasker Run unlimited tasks in virtual 8086 mode, by 

IGC. 

$245 

$229 

$199 

Order before November 30, 1988 and mention “PTB88” for these special prices: 


Dbase Addons 

dBASE Took for C 

$ 75 

Flipper Graphics Library - Clipper 

$ 169 

IDL Integrated Devebpment Library 

$ 149 

Seek-It - query by example 

$ 89 

SilverComm Library 

$ 139 

SilverPaint Library 

$ 89 

Tom Rettig’s Library 

$ 79 

Dbase Language 

Clipper Summer ’87 - multiuser 

$ 419 

dBASE III Plus 

$ 439 

DBXL Interpreter 

$ 149 

FoxBase + - v2.1 

$ 269 

QuickSilver Diamond 

$ 369 

Dbase Tools 

Clear for dBASE - XREF, flow charting 

$ 89 

Clear for HP Laserjet 

$ 139 

dAnalyst - flow charting 

$ 229 

dBrief w/BRIEF - auto-indent, view struct 

Call 

dBug - source debugger for Dbase 

$ 179 

dFlow - flow charts 

$ 125 

Documentor - dFlow superset 

$ 239 

Genifer - by Bytel, code generator 

$ 259 

R&R Relational Report Writer 

$ 139 

R&R Clipper & FoxBASE module 

$ 45 

UI Programmer - user interfaces 

$ 249 

Debuggers 

Periscope II - includes breakout switch 

$ 139 

Periscope Il-X 

$ 109 

Periscope III - 10 MHZ version 

$1159 

Pfix-86 Plus - debugs Plink overlays 

$ 209 

Editors 

BRIEF Programmer’s Editor 

Call 

Epsilon - like EMACS 

$ 159 

KEDIT - like XEDIT - v.4 

$ 129 

Personal Rexx 

$ 109 

ME Macro Editor - source 

$ 159 

MKS VI 

$ 69 

PC/EDT - macros 

$ 269 

SPF/PC - v.2.0 

$ 189 

TE Text Editor 

$ 45 

TE Development Kit - source 

$ 85 

Vedit Plus 

$ 139 

File Addons 

ASMTree 

$ 399 

Btrieve ISAM 

$ 189 

Btrieve/N - multiuser 

$ 455 

Report Option - on the fly reports 

$ 119 

Xtrieve - interactive queries 

$ 199 

C Development Toolkit - by Migent 

$ 419 

c-tree by Faircom - source, no royalties 

$ 319 

d-tree - data dictionary, screens 

$ 429 

r-tree - report generator for c-tree 

$ 239 

c-tree - w/r-tree 

$ 529 

CBTREE - source, no royalties 

$ 129 

dB2C Files - read & write DBF files 

$ 279 

dBC ISAM III - by Lattice 

$ 169 

dB_QUERY - SQL for dB_VISTA 

Call 

dB_VISTA - network model 

Call 

Opt Tech Sort - sort merge 

$ 99 

WKS Library - read & write WKS & DBF 

$ 179 

XQL - SQL for Btrieve 

$ 619 


Call for a catalog and solid value 

800 - 421-8006 


THE PROGRAMMER’S SHOP 

Your complete source lor software, services, and answers 


5-P Pond Park Road, Hingham, MA 02043 
Mass. 800-442-8070 or 617-740-2510 9/88 
Telex: 671-5348 FAX: 749-2018 


RECENT DISCOVERY 

Turbo C v2.0 - Integrated compiler, editor, and source- 

level debugger. Compile/link 20-30% faster than vl.5, 

includes make with automatic dependency checking, 

graphics library, EMS support and built-in Lint. $109. 

Turbo C Professional $199 

l Fortran & Addons 

I/O Pro - screens 

$ 265 

Lahey FORTRAN F77L 

$ 459 

Lahey Personal FORTRAN 

$ 89 

MS FORTRAN - CodeView, OS/2 support 

$ 299 

RM/FORTRAN 

$ 479 

Scientific Subroutines - by Wiley 

$ 125 

Spindrift - windows, DOS routines 

$ 129 

General Addons 

C Tools Plus - v5.0 

$ 99 

C Utilities - by Essential 

$ 129 

Greenleaf SuperFundions 

$ 199 

/' resident_C '/- make TSR’s, w/source 

$ 149 

Turbo C Took - by Blaise 

$ 99 

Graphic Screens & Windows 

dBase Graphics for C 

$ 69 

Drawbridge - Metawindows, QuickC or TurboC 

$ 115 

ESSENTIAL GRAPHICS - no royalties 

$ 235 

with source 

$ 519 

Flash Up 

$ 69 

Flash Up Toolbox 

$ 39 

Graphic - like DISSPLA, source 

$ 279 

GSS Graphics Dev’t Toolkit 

$ 399 

Halo ’88 - 140 + devices 

$ 229 

Hi-Screen XL 

$ 129 

Hoops 3D Graphics Library 

$ 549 

MetaWINDOWS/PLUS 

$ 219 

QuickWindows/C 

$ 99 

Object-Oriented 

Actor 

$ 419 

Advantage C+ + 

$ 479 

C-Talk - browser for C object library 

$ 139 

Smalltalk/V 

$ 85 

Smalltalk/V 286 - full 16 meg 

$ 179 

Zortech C++ - true compiler 

$ 99 

OS - Multitasking, Shells, Extenders 

DESQview 

$ 119 

API Toolkit 

$ 479 

QEMM - 386 

$ 60 

MKS Toolkit - Unix shell, VI, Awk, Yacc 

$ 149 

MS Windows 

$ 69 

Development Kit 

$ 319 

MS Windows/386 

$ 129 

OS/2 Programmer’s Toolkit 

$ 249 

PC/MOS 386 single-user 

$ 169 

PC/MOS 386 5 User - multiuser DOS 

$ 515 

Timeslicer - preemptive addon for C 

$ 265 

VM/386 Multitasker - by IGC 

$ 229 

XTree Pro 

$ 109 

Other Languages 

Alsys Ada - w/maintenance 

$2999 

APL Plus - by STSC 

$ 549 

CCSM Mumps - singleuser 

$ 149 

CCSM Mumps - multiuser 

$ 469 

Modula-2 Dev. System - by Logitech 

$ 219 

RPG II - complete by Lattice 

$1269 

SNOBOL4 + - great for strings 

$ 85 

New Greenleaf Library 

Greenleaf SuperFunctions - Over 350 new functions. 

Expanded memory interface. Mouse interface, interrupt 

processing, and numerous date and time routines. 

$ 199 

Dbase Generator 


SYCERO db - Extensible Clipper/FoxBASE generator 
allows you to incorporate your code into SYCERO. Up 
to 30 database, 14 indexes, 10 levels of submenus, 
and overlaying of 26 programs. Network version 
available. $449 SYCERO db NET $649 

Note: Mention this ad. Some prices are specials. Ask about COD and 
POs. Formats 3" laptop now available, plus 200 others. UPS surface ship¬ 
ping add $3/per normal item. All prices subject to change without notice. 
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T his month’s item is a demonstra¬ 
tion of how to extend the capa¬ 
bilities of the VGA into uncharted 
territory, effectively doubling the num¬ 
ber of pixels available on a standard 
VGA screen. For text displays, the 
methods presented here offer the po¬ 
tential for displaying almost five times 
the number of characters shown in the 
standard 80 columns by 25 rows, which 
would be well appreciated by users 
who measure their spreadsheets by the 
acre. Most applications deal only with a 
limited set of screen dimensions; as a 
result, this method is not meant for 
retrofitting to existing programs, but is 
offered to developers for incorporation 
into future applications. 

This item was submitted by Arun 
Johary, Technical Marketing Engineer, 
and Bo Ericsson, Graphics Software 
Engineer, both of Chips & Technolo¬ 
gies Inc. in San Jose, California. 


1 DOUBLING EFFECTIVE 
1 [ VGA RESOLUTION 

The standard VGA supports a maximum 
resolution of 640-by-480 pixels in 
graphics modes. When displaying char¬ 
acters, the pixels can be collected into 
character cells in various ways, yielding 
a different number of rows and col¬ 
umns depending on the pixel dimen¬ 
sions of each character. With the stan¬ 
dard fonts built into the VGA ROM, a 
graphics screen can display either 80 
columns by 30 rows, using an 8-by-l6 
pixel font, or 80 columns by 60 rows, 
using an 8-by-8 pixel font. Other com¬ 
binations can be obtained by directly 
programming the video registers, pro¬ 
vided that a font in a suitably sized 
character box is available. 

For example, a four-pixel-wide 
font allows the display of 160 charac¬ 
ters on each line. Characters created 
with a four-pixel font, however, are 
hardly readable and are not suitable for 
long-term viewing. Under normal cir¬ 


cumstances, a user prefers to look at a 
larger font that presents less informa¬ 
tion but has better visibility. On occa¬ 
sion, however, it is useful to zoom out 
and see much more information on the 
screen—for example, the overall layout 
of a spreadsheet or the formatting of a 
wide document. 

Many EGA and VGA adapters in¬ 
clude video drivers that establish high- 
density text modes for a variety of ap¬ 
plications. Switching in and out of 
these modes, however, usually requires 
exiting and then restarting the applica¬ 
tion. Ideally, switching screen modes 
should be possible from within applica¬ 
tions; it should be instantaneous, and it 
should not require the entire screen to 
be redrawn. The hardware features of 
the VGA allow a programmer to imple¬ 
ment a scheme such as this. 

The VGAZOOM program (portions 
of which are printed in listing 1) puts 
the VGA into a high-resolution display 
mode that displays text in 160 columns 
by 60 rows. At the touch of a key, the 
display switches into a low-resolution 
mode of 80 columns by 60 rows, main¬ 
taining the contents of the video buffer 
and continuing to display the left half 
of the screen. The user can then scroll 
left and right to display any portion of 
the 160 columns, or press a hot key to 
restore the high-resolution display. 

To counterbalance the poor read¬ 
ability of a four-bit font, the 160- 
column mode is implemented by con¬ 
figuring the VGA to simulate a mono¬ 
chrome bit map of l,280-by-480 pixels. 
Text is then written to this bit map 
with the VGA’s built-in 8-by-8 pixel 
font. Although a text application is de¬ 
scribed, the hardware is actually in a 
bit-mapped, all-points-addressable 
graphics mode. A similar technique can 
be used to display graphics at almost 
twice the standard VGA resolution. 

The high-resolution mode is ob¬ 
tained by programming the VGA to dis¬ 
play a single pixel on the screen for 


every two pixels in video memory. 
Thus, a scan line with 640 pixels across 
the screen holds the information from 
1,280 pixels in memory. Combining 
pixels in this way, however, loses infor¬ 
mation; the four possible values of a 
pair of pixels are reduced to only two 
possibilities in a single pixel. 

The loss of information introduces 
distortion, known as aliasing , into the 
displayed image. The characteristics of 
the VGA monitor, however, allow ap¬ 
plying an antialiasing method to re¬ 
cover some of this lost information, 
thereby improving the appearance of 
the four-bit font. 

Antialiasing, a technique in which 
color resolution compensates for lack 
of spatial resolution, is used extensively 
in commercial television broadcasts. A 
television set has very low spatial reso¬ 
lution, but can display virtually unlim¬ 
ited variations of colors and shades. 

The many colors compensate for the 
few pixels, resulting in an image that 
is very satisfactory to the eye. In most 
cases, the quality of the image appears 
to be higher on a standard television 
screen than on a high-resolution com¬ 
puter monitor. 

Because it is an analog device, a 
VGA monitor also can display a large 
number of shades. A single pixel need 
not simply be on or off, but can be 
displayed in a variety of shades. In the 
case at hand, the pixel in the four-bit 
font is displayed in one of three gray 
levels depending on whether its two 
constituent pixels are both on, both off, 
or one on and one off. In a graphics 
application, a fourth level can be ob¬ 
tained by distinguishing between the 
on-off and off-on cases, but this yields 
no benefits in displaying text. 

This technique, illustrated in figure 
1, results in characters that, if still not 
suitable for full-time viewing, are quite 
readable over short periods of time. 
The appearance could be improved by 
designing an eight-bit font specifically 
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FIGURE 1: Compression 



Two pixels of the image in video 
memory (left) are combined to pro¬ 
duce one pixel on screen (right). 
Antialiasing uses different shades to 
represent diagonals and horizontals. 


for compression and antialiasing, but 
even the standard built-in font gives 
acceptable results. 

Implementing VGAZOOM requires 
the reprogramming of four major VGA 
characteristics. A comprehensive expla¬ 
nation of register-level VGA program¬ 
ming is not appropriate here, but this 
description assumes that you are famil¬ 
iar with the VGA architecture as de¬ 
scribed in IBM’s PS/2 Hardware Inter¬ 
face Technical Reference. 


The first consideration is the map¬ 
ping of display memory in the CPU 
address space. In a 16-color graphics 
mode, each byte written by the CPU to 
the video buffer is expanded by the 
VGA hardware to four bytes, one byte 
in each of the four bit planes. In the 
monochrome modes that are used in 
VGAZOOM, each byte of display mem¬ 
ory maps to one byte in the CPU ad¬ 
dress space, so that each bit in memory 
represents one pixel. The video mem¬ 
ory mapping is controlled by the con¬ 
tents of the memory-mode register at 
offset 4 of the sequencer register set. 

The second characteristic is the 
mapping of video memory to the 
screen via the shift registers. To display 
the contents of the video buffer, the 
hardware loads a 32-bit word from the 
buffer into the shift registers. At each 
cycle of the dot clock, one, two, or 
four bits are shifted out of the registers 
into the dot generator, creating one 
pixel on the screen. 

Figure 2 shows three different 
VGA modes. In 16-color mode, the reg¬ 
isters are programmed to send four 
bits per clock. The registers are shifted 
out and must be reloaded for every 
eight cycles of the dot clock (one cycle 
of the character clock). 


In monochrome mode, the 32 bits 
in the shift registers represent 32 pix¬ 
els. To generate 640 dots per scan line, 
the shift registers are chained together 
and produce one output bit per dot 
clock, emptying the registers in 32 
clocks. To simulate 1,280 dots per scan 
line, the shift registers are programmed 
to produce two output bits per dot 
clock. These two bits represent two 
pixels in video memory but produce 
one pixel on screen, resulting in die 
2:1 font compression described previ¬ 
ously. In this case, the shift registers 
must be reloaded every 16 dot clocks. 

Programming the shift registers 
requires writing to three VGA registers. 
The graphics-mode register, offset 5 of 
the graphics-controller register set, con¬ 
trols the chaining of the registers into 
1, 2, or 4 parallel units. The color- 
plane-enable register, offset 12H of the 
attribute-controller register set, controls 
how many bits are sent to the dot gen¬ 
erator at each clock cycle. Finally, the 
clocking-mode register, offset 1 of the 
sequencer register set, determines the 
frequency of reloading the shift regis¬ 
ters—every 8, 16, or 32 dot clocks. 

The third programming considera¬ 
tion is the establishing of a gray scale 
that implements the antialiasing 


PCYACC 

Version 2.0 


PCYACC Version 2.0 is a program 
generator capable of automatically generating ANSI 
C source code for building Assemblers, Compilers, 
Browsers, Page Description Languages, Language 
Translators, and Query languages. 

Complete grammars and lexical analyzers 
for ANSI C, C+ +, ISO Pascal, DBASE Ill/Plus, 
SQL, Smalltalk, and YACC are included. 

Example application sources are provided to 
be used as skeletons for new programs. Examples 
include a desktop calculator, an Infix to Postfix 
Translator, a DBASE III/Plus Syntax analyzer, an 
implementation of the PICfture] language, and a 
C++ to C translator. 

PCYACC is input compatible with UNIX 
YACC when used with C grammar descriptions. 

■ Quick Syntax analysis option 

■ Optional Abstract Syntax Tree 

■ Advanced Error Recovery Support 
Provided 

■ All examples include FULL SOURCE 
listings 

■ Manual “Compiler Construction with 
PC’S” included 

■ 30 day money back guarantee 

Professional version $395.00 
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7\/lultiBoot: 

The First OS/2 Booting Utility. 

TftultiBoot 

• Boots DOS or OS/2 without floppies. 

• Automatically boots your preferred system. 

Order MultiBoot if you: 

• Evaluate or Support OS/2 and DOS. 

• Work in OS/2 and DOS. 

• Want easy access to both operating systems. 

MultiBooteliminates the need for floppy disks to boot your OS/2 or 
DOS operating system and gives you the option to select your choice 
of operating system. 

MultiBoot is designed for OS/2 compatible IBM PC AT, PS/2 and 
true compatibles. Requires DOS version 3.0 and up. Installs easily. 

- INTRODUCTORY OFFER - 

Order MultiBoot For Only 

$49.95* + $3.00 shipping and handling. 

Free upgrade if ordered oy February 1, 1989. 

Send check or money order to: 

MultiBoot, Bolt Systems, Inc. 4340 East-West Highway 
Bethesda, Maryland 20814. 

or call 1 -301 -656-7133, and order by Visa/MasterCard. 

Specify 3.5" or 5.25" diskette. 

• Maryland residents add 5% sales tax. 


A Product of 


Systems, Inc. 
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The configuration of the shift registers and the number of bits fed to the dot generator control the mapping of bits from the 
video buffer to pixels on the screen. For the standard 640-by-480 16-color mode, BIOS establishes the left configuration. The 
VGAZOOM program uses the middle configuration for the 640-by-480 mode and the rightmost one for the l,280-by-480 mode. 


scheme. The final color of a pixel is 
determined in the digital-to-analog con¬ 
verter (DAC) that produces the analog 
signals for the display. The DAC con¬ 
tains 256 color registers, each 18 bits 
wide, allowing the display of 256 si¬ 
multaneous colors from a palette of 
262,144 colors. When a pixel is pro¬ 
cessed by the dot generator, the value 
of the bits that make up the pixel is 
used to select one of these color regis¬ 
ters, and the contents of the register 
are used to establish the levels of the 
red, green, and blue video signals that 
the DAC sends to the display. In the 
1,280-pixel mode, the two bits repre¬ 
senting each on-screen pixel can select 
one of the first four color registers. 
They are loaded with values represent¬ 
ing black, gray, gray, and white, corre¬ 
sponding to both bits off, one on, one 
off, and both on, respectively. 

The final consideration is fine- 
tuning the parameters in the CRT con¬ 
troller registers to produce the best¬ 
looking display in each mode. These 
values are best determined by experi¬ 
mentation; the values used in the ac¬ 
companying program work well on 
IBM PS/2 systems. 

Listing 1, VGAZOOM2. ASM, shows 
the major procedures that establish and 
use the 1,280-pixel graphics mode. 

SetMode initializes the VGA to ei¬ 
ther the 1,280- or 640-pixel mode by 
writing appropriate values to all of the 


VGA registers. The two tables defined 
in the procedure contain the parame¬ 
ters for each mode. Comments in each 
table give its general content. To dem¬ 
onstrate exactly how much antialiasing 
improves the display in 1,280-pixel 
mode, compile and run the program 
after setting the palette data in HTABLE 
to the same values as in LTABLE. This 
removes gray-scaling, discarding half of 
the information content of the 8-bit 
font; the result is hardly readable. 

W_Palette sets up the external pal¬ 
ette in the DAC. The inputs to the pro¬ 
cedure are the I/O address for the ad¬ 
dress register, the index of the first pal¬ 
ette register, the number of palette reg¬ 
isters to be written, and a pointer to a 
memory table of color values. Loading 
a color register involves four steps: 
writing the index of the target register 
to the address register and then writing 
three bytes of red, green, and blue 
color values (in that order) to the next 
sequential I/O address. The hardware 
concatenates the six low-order bits of 
each byte to form the 18-bit palette 
value and then automatically incre¬ 
ments the index in the address register. 
Therefore, loading a sequential set of 
registers requires sending one index of 
the first register and then successive 
triplets of color values. 

Another procedure, Drawchr, 
draws a character on the screen. The 
inputs to the procedure are the address 


in the display memory to receive the 
character, the base address of the font 
table, the ASCII-character code, and the 
character height in scan lines. The pro¬ 
cedure assumes a fixed font width of 8 
pixels. Note that even in 1,280-pixel 
mode, the software writes characters to 
video memory in an 8-bit font; it is the 
hardware that performs the compres¬ 
sion to the 4-bit font as the characters 
are displayed. 

Vert_Scroll scrolls the display ei¬ 
ther up or down. The inputs are the 
font width and the number of lines to 
scroll up (a negative number means 
the number of lines to scroll down). 

The procedure Horiz_Scroll_4 
scrolls the display left or right in 640- 
pixel mode, using the VGA hardware 
scrolling capabilities. The inputs are 
the bit-map width and the number of 
pixels to scroll right (a negative num¬ 
ber means scroll left). Rd_IndexReg, 
W_Index_Regs, and W_Attr_Regs are 
utility routines that simplify the tasks of 
reading from and writing to the various 
VGA registers. 

The routines in the listing are not 
executable as printed because they lack 
a main program. A demonstration pro¬ 
gram that uses them, VGAZOOM, is too 
large to print here but is available on 
PCTECHline (along with VGAZOOM2). 
To build the program, assemble both 
VGAZOOM and VGAZOOM2, link the 
two object files together, and convert 
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TECH NOTEBOOK 


the program to .COM format with 
EXE2BIN. This executable version is 
also available on PCTECHline under 
the name VGAZOOM.COM. 

Running VGAZOOM requires a 
PS/2 VGA system or an add-in VGA 
board that is register-compatible (see 
“The VGA Compatibility Test,” Ed 
McNierney and Kent Quirk, this issue, 
p. 48). VGAZOOM.COM is a terminate- 
and-stay-resident program that estab¬ 
lishes the 1,280-pixel mode and then 
intercepts the video INT 10H. It pro¬ 
vides most of the functions of BIOS 
INT 10H, function EH (write TTY); 


therefore, it can display the output of 
COMMAND.COM and most other pro¬ 
grams that write to the screen with 
simple DOS calls. 

With VGAZOOM resident, the Ctrl- 
down arrow key zooms the display so 
that the leftmost 80 columns fill the 
screen. In this low-resolution mode, 
the Ctrl-left arrow and the Ctrl-right 
arrow keys scroll the screen horizon¬ 
tally left and right, respectively, and the 
Ctrl-up arrow key zooms out to the 
wide-screen display. 

Bear in mind, however, that the 
main driver of VGAZOOM is a quick- 


and-dirty demonstration program; it is 
not meant as a permanent replacement 
for the standard screen-output routine. 
For example, it does not display a cur¬ 
sor, it ignores backspace and bell, and 
it does not work at all when ANSI.SYS 
is installed (the result is the same as 
turning the monitor off—the system 
remains running although the screen 
goes blank). The methods demon¬ 
strated here do not lend themselves to 
general-purpose utilities for use by ex¬ 
isting programs, but are meant to be 
incorporated into applications that are 
designed to use them. lis.mffil 


LISTING1: VGAZ00M2.ASM 

.******************************************************************** 
; File VGAZ00M2 • 1280*400 VGA driver procedures 
; Written by Arun Johary & Bo Ericsson, 

; Chips & Technologies Inc. 

; This file is not executable as stand-alone. 

; After assembling, link it with VGAZOOM.OBJ, 

; then convert to .COM with EXE2BIN. 

; Resulting VGAZOOM.COM is a TSR for implementing 1280x480 mode, 

; with zooming to/from 640X480 mode and panning. 
.******************************************************************** 

LORES equ 0 
HIRES equ 1 

public DRAWCHR 
public SETMOOE 
public H0RIZ_SCR0LL_4 
public VERT_SCROLL 
public EndOfProgram 

code segment para public 'code' 
assume cs:code 

.******************************************************************** 
SETMOOE proc near 

; This procedure programs the VGA registers for one of two 
; modes depending on AX 

; AX = HIRES -- high resolution 1280*400 monochrome mode 
; AX = LORES -- 640*400 monochrome mode 


push 

pop 

cld 

cs ; DS * CS because parameter tables 

ds ; are in the current segment 

; clear for subsequent auto increment 

cmp 

ax, HIRES 

; Hires mode ? 

jne 

SetModeOI 

; if no, test for LORES mode 

lea 

bx, HTABLE 

,-HIRES table selected 

jmp 

SetTheMode 

/program the parameters 

SetModeOI: 


/Test for LORES mode 

cmp 

ax, LORES 

/LORES mode ? 

jne 

SetModeEndl 

/invalid parameter, return to caller 

lea 

bx, LTABLE 

/lores table selected 

jmp 

SetTheMode 

/program the parameters 

SetModeJEndl: 
jmp 

SetMode_End 


SetTheMode: 


/Sync reset while programming mode 

mov 

dx, 3C4H 

/sequencer atidress 

mov 

ax, 0200h 

/sync, reset 

out 

dx, ax 

/write the register 

mov 

dx, 3C2H 

/Set miscellaneous output register 
/miscllaneous output register address 

mov 

al, [bx+9] 

/table value for Misc Output Register. 

out 

dx, al 

/write the register 

mov 

dx, 3C4H 

/Set sequencer registers 01-04 
/sequencer address 


mov cx, 4 

mov ah, 1 

4 registers to write 
start with register 1 

mov si, bx 

add si, 5 

call UJndexRegs 

beginning of parameter table 
point to sequencer params in table 
program the registers 

mov dx, 3C4H 

mov ax, 0300h 

Get out of synchronous reset 
sequencer address 
out of reset mode 

out dx, ax 

mov dx, 3D4H 

write register 

Unprotect CRT controller 
crtc address 

mov ax, 011h 

out dx, ax 

vertical sync end register 
set protect bit (D7) to 0 

Set CRT controller registers 00-18 

mov cx, 25 
xor ah, ah 
mov si, bx 

25 registers to write 
start with CRTC register 0 
beginning of parameter table 

add si, 10 

call W_IndexRegs 

point to CRTC parameters in the table 
program the registers 

Set Graphics controller regs 00-08 

mov dx, 3CEH 

mov cx, 9 

xor ah, ah 

graphics Ctrl address 

9 registers to write 
start with GC register 0 

mov si, bx 

add si, 55 

call W_IndexRegs 

beginning of parameter table 
point to GC parameter in the table 
program the registers 

mov dx, 3DAH 

in al, dx 

Set Attribute controller regs 00-14 

Status register address 
reset attribute flip-flop 

mov dx, 3c0h 

mov cx, 20 

xor ah, ah 

attribute Ctrl address 

20 registers to write 
start with register 0 

mov si, bx 

add si, 35 

call W_Attr_Regs 

beginning of parameter table 
point to Attr. Ctrl params in table 
program the registers 

mov al, 14h 

out dx, al 

xor al, al 

write to Attribute color select reg 
(not stored in parameter table) 
data - 0 

out dx, al 

mov al, 20h 

out dx, al 

write data 

reenable video 

write the index reg to reenable video 

mov dx, 3C6H 

mov al, Offh 

Set external palette 

Palette mask register 
enable all 8 bits 

out dx, al 

mov dx, 3C8H 

lea si,[bx+64] 

write the mask 

Palette address register 
point to palette parms in table 

xor ah,ah 

mov cx,4 

call U_Palette 

start at palette reg 0 
set 4 colors 

program the palette registers 


SetMode_End: ;end of this procedure 


ret 



; These two tables provide parameters for programming VGA hardware 
; in each of two modes. 


.******************************************************************** 
HTABLE label byte ; parameter table for 1280*400 mono mode 
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Screen from Enerlogic’s Home Control System 

“Our screens had to be simple, self-explanatory, and easy enough 
for the general public. Vitamin C let us accomplish this faster and 
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■ Windows - Multiple & Bullet-proof 

■ Windows - Overlapping & Pop-up 

■ Windows - Zoom & Move & Scroll 

■ Windows - Hide & Access any time 

■ Data Entry - Formatting & Validation 

■ Help - Context Sensitive 
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face. High level functions mean the fast track to better applica¬ 
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Power—that’s easy to use. Open-ended design—for unparal¬ 
leled adaptability . And VCScreen—our interactive screen 
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30-DAY MONEY BACK GUARANTEE! 

■ Free Complete Library Source Code 
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■ Free Bulletin Board System 
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for OS/2, UNIX, XENIX, VMS - CALL! 
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db OOOh, OOOh, OOOh, OOOh, OOOh ; Dyirmy header 

db 005h, OOFh, OOOh, OOeh ; Sequencer offsets 01-04 

db 063h ; Miscellaneous register 

; CRT Controller offsets 00-18h 

db 05Fh, 04Fh, 050h, 082h, 054h, 080h, ObFh, 01Fh 

db 020h, OOOh, OOOh, OOOh, OOOh, OOOh, OOOh, OOOh 

db 09ch, OOeh, 08Fh, 014h, 060h, 096h, 0b9h, Oabh, OFFh 

; Attribute Controller offsets 00-13h 
db OOOh, 001h, 002h, 003h, 004h, 005h, 006h, 007h 

db 008h, 009h, OOah, OObh, OOeh, OOdh, OOeh, OOFh 

db 001h, OOOh, 003h, OOOh 

; Graphics Controller offsets 00-08 
db OOOh, OOOh, OOOh, OOOh, OOOh, 020h, 005h, OOFh, OFFh 

; DAC Palette registers 0-3 
db OOOh, OOOh, OOOh ;reg 0: black 

db 01ah, 01 ah, 01ah ;reg 1: grey 

db 01ah, 01ah, 01ah ;reg 2: grey 

db 02ah, 02ah, 02ah ;reg 3: white 

.******************************************************************** 
LIABLE label byte ; parameter table for 640*400 mode 

db OOOh, OOOh, OOOh, OOOh, OOOh ; Dymmy header 

db 011h, OOFh, OOOh, OOeh ; Sequencer offsets 01-04 

db 063h ; Miscellaneous register 

; CRT Controller offsets 00-18h 

db 05Fh, 050h, 052h, 0e2h, 054h, OeOh, ObFh, 01Fh 

db OOOh, OOOh, OOOh, OOOh, OOOh, OOOh, OOOh, OOOh 

db 09ch, OOeh, 08Fh, 014h, 060h, 096h, 0b9h, 0a3h, OFFh 

; Attribute Controller offsets 00-13h 
db OOOh, 001h, 002h, 003h, 004h, 005h, 006h, 007h 

db 008h, 009h, OOah, OObh, OOeh, OOdh, OOeh, OOFh 

db OOlh, OOOh, OOlh, OOOh 


; Graphics Controller offsets 0-8 
db OOOh, OOOh, OOOh, OOOh, OOOh, OOOh, 005h, OOFh, OFFh 
; DAC Palette registers 0-3 
db OOOh, OOOh, OOOh ;reg 0: black 

db 02ah, 02ah, 02ah ;reg 1: white 

db 02ah, 02ah, 02ah ;reg 2: white 

db 02ah, 02ah, 02ah ;reg 3: white 

SETMODE endp 

.******************************************************************** 
DRAWCHR proc near 

; this procedure draws a character on the screen in the graphics 
; mode; parameters are expected to be as follows: 


; AL: - 

- char 

code 


; BX: - 

- bit 

map width 


F DX: - 

- font height (8 bits only) 

; DS:SI 

-- Disp Mem pointer 


; ES:DI 

-- Font pointer 



push 

cx 

;save CX 


mov 

cx,dx 

;get char height in CX 


mul 

dl 

;AX gets font offset for character 


add 

di,ax 

;ES:DI gets font address for font 

LABL0: 





mov 

ah,es:[di] 

;read font pattern 


mov 

ds:[si],ah 

;write into display memory 


inc 

di 

;next line of font pattern 


add 

si,bx 

;next line in display memory 


loop 

LABL0 

;repeat for every scan line 


pop 

cx 

;retrieve CX 


ret 




DRAWCHR endp 


•******************************************************************** 
WJNDEXREGS proc near 

;This procedure reads a byte from the parameter table and then 
;writes it to a index/data register. 

; AH = index number of first register to receive parameter 



9-Track Tape Drives: Yes! 
for IBM PC/XT/AT/386 
and PS/2 


Read or write 9-track tapes from mainframes and minis to 
your personal computer - including the PS/2 Micro Channel. 
Our TapeLinx 9-track tape subsystems offer these important 
features: 


• 800, 1600, 3200, 6250 BPI 

• IBM & ANSI labeled tapes 

• Quality customer service 

• High speed controller 


• Network backup 

• EBCDIC/ASCII 

• DOS, XENIX, Microport 

• DOS device driver 


For quick delivery we stock all major manufacturers’ tape 
drives including Cipher, Kennedy, M4 Data, Qualstar. Prices 
start at $3,755. Call Today! 


fl 1"^ | Overland Data, Inc. 

U U 5620 Kearny Mesa Rd. • San Diego, CA 92111 
|| || Tel: (619) 571-5555 • FAX: (619) 571-0982 
wJ ^ I See us at Comdex—Booth W1059 

TapeLinx is a registered trademark of Overland Data, Inc. 

IBM PC, XT, AT, PS/2 (Personal System/2) and Micro Channel are registered trademarks of IBM Corp. 
XENIX and MS-DOS are registered trademarks of Microsoft Corp. 
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Software Protection KEYs By ProTech 

ProTech keys: THE MEMORY KEY 


□ are totally transparent to the 
end user 

□ allow unlimited back up copies 

□ free up disk drives 

□ do not interfere with 
peripheral operations 

□ are easy to install 

□ protect software 
developers' revenues 

□ assembler based routines 
(not drivers) 

□ encrypted routines 

□ physically unique hardware KEYs 

□ sophisticated software 
installation advice 

□ provide the highest level of 
protection available 

THE KEY 

The KEY provides effective software 
protection while insuring customer 
satisfaction. The KEY is a random 
response device which is designed 
for identically reproduced software 
packages. 



The MEMORY KEY is a programmable 
software protection device. Each 
byte of memory can be addressed 
in groups or individually. Possible 
applications for the MEMORY KEY 
include: 

□ modular package control 

□ serialization 

□ customization 

□ access control to PCs 

□ demo control 

□ software leasing 

□ updating modules in the field 

□ any "counter" operation 

For a demonstration package or 
additional information, please write 

^_ ca " : 1-800-843-0413 

=_=€ =3 1 MARKETING. INC. 

1804 W. Southern Parkway • Bldg. A-112 
Durham, North Carolina 27707 
(919) 490-4970 FAX (919) 490-4974 
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; CX = # of index registers to be loaded 

; DX •* I/O port address. 


; DS:SI *• points to parameters 


lodsb 


;load parameter from table into AL 

xchg 

al, ah 

;get index in AL, data in AH 

out 

dx, ax 

;write index/data register pair 

xchg 

al, ah 

;get index in AH 

inc 

ah 

;next index 

loop 

W_IndexRegs 

;repeat 

ret 



WJNDEXREGS endp 


.ft******************************************************************* 

W_ATTR_REGS proc near 


;This procedure reads a byte from the parameter table and then 

; writes it to a self index/data register. 

; AH = index number of first register to receive parameter 

; CX = # of index registers to be loaded 

; DX -• I/O port address, 


; DS:SI -- points to parameters 


xchg 

al, ah 

;get index in AL 

out 

dx, al 

;write index 

xchg 

al, ah 

;get index in AH 

lodsb 


;get data from table in AL 

out 

dx, al 

;write data 

inc 

ah 

;next index 

loop 

W_Attr_Regs 

;repeat 

ret 



U_ATTR_REGS endp 


.******************************************************************** 

W_PALETTE proc 

near 


; This procedure reads a byte from the parameter table and then 

; writes it to the G171 palette/DAC. DS:SI -- point to parameters. 

; AH = starting index number, 


; CX = # of index registers. 


; DX -• I/O addr of DAC address 

reg. 

; DS:SI pointer to data area 


mov 

al,ah 

;get start index number 

out 

dx,al 

;send it to address reg 

inc 

dx 

;point to DAC data reg 

U_pal1: lodsb 


;load data parameter 

out 

dx, al 

;write red data 

lodsb 


;load next data byte 

out 

dx, al 

;write green data 

lodsb 


;repeat w/blue data 

out 

dx, al 


loop 

W_Pal1 

/repeat w/next palette reg 

ret 



W_PALETTE endp 


.******************************************************************** 

RD_INDEXREG proc near 


;This procedure reads an indexed VGA register 

; Input: AL = 

index number of register 

; DX = 

I/O address of register 

; Ouput: register contents returned in AL 

out 

dx,al 

; write index 

inc 

dx 

; point to data register 

in 

al,dx 

; read data register 

dec 

dx 

; point to index register 

ret 



RDJNDEXREG endp 


.*************★****************************************************** 

VERT_SCROLL proc near 


; This procedure scrolls the screen up or down by a specified number 

; of lines; parameters are expected to be as follows: 

; AX - - 

scroll count, # scan lines in 2's complement form. 

; 

negative for scroll down 

; BX - - 

bit map width 


imul 

bx 

;AX = bytes to scroll 

mov 

bx,ax 

;save start address change in BX 

mov 

dx,3d4h 

; CRT address 

mov 

al,0ch 

; start address high 


call 

Rd_Ir»dexReg 

;read register 

mov 

ah,al 

;move to AH 

mov 

dx,3d4h 

; CRT address 

mov 

al,0dh 

; start address low 

call 

Rd_IndexReg 

;read register 

add 

bx,ax 

;add change to old start address 

mov 

ah,bh 

;to get new start address, write the 

mov 

al,0ch 

/high byte back to CRTC 

out 

dx,ax 

/write new start address (HIGH) 

inc 

al 

/point to start address LOW register 

mov 

ah,bl 

/get lower byte of start address 

out 

dx,ax 

/write new start address (LOW) 

ret 



VERT_SCROLL endp 


• ******************************************************************** 

HORIZ_SCROLLJ 

♦ proc near 


; This procedure scrolls the screen left or right by a specified 

; number of pixels. Parameters 

are expected to be as follows: 

; AX - - 

scroll count, # pixels in 2's complement form. 


positive - scroll 

right, negative, scroll left. 

mov 

bx, ax 

/save scroll count 

mov 

dx,3d4h 

; CRT address 

mov 

al,0ch 

; start address high 

call 

Rd_IndexReg 

/read register 

mov 

ah,al 

/move to AH 

mov 

dx,3d4h 

; CRT address 

mov 

al,Odh 

; start address low 

call 

Rd_IndexReg 

/read register 

mov 

bp, ax 

/save current start address 

mov 

dx,3d4h 

; CRT address 

mov 

al,08h 

; byte panning control 

call 

Rd_IndexReg 

/read register 

mov 

cl,2 


shr 

al,cl 

/divide by 4 

and 

al,18h 

/retain bits D3 and D4 only 

mov 

ah,al 

/save in ah 

mov 

dx,3DAH 

/Status register address 

in 

al,dx 

/reset attribute flip flop 

mov 

dx,3C0H 

/address for attribute controller 

mov 

al,33h 

/Panning Control 

out 

dx,al 

/point to attribute panning register 

inc 

dx 

/point to data register 

in 

al,dx 

/read current byte panning control 

dec 

dx 

/point back to Attr Ctrl address 

and 

al,7 

/retain bits D0-D2 

add 

ah,al 

/get old absolute panning control 

mov 

al,ah 

/move to AL, 0 into AH 

xor 

ah, ah 

/Absolute panning in AX 

add 

bx,ax 

/compute new absolute panning 

mov 

ax,bx 

/get it into AX 

and 

al,7 

/retain bits D0-D2 

out 

dx,al 

/write new attribute pan control 

mov 

ax,bx 

/new absolute pan control in AX 

mov 

cl,2 


shl 

ax,cl 

/multiply by 4 

mov 

ah,al 

/save in AH 

and 

ah,60h 

/retain bits D6-D5 

mov 

dx,3D4H 

/CRTC address 

mov 

al,8 

/index for byte panning control reg 

out 

dx,ax 

/write new byte panning control 

mov 

cl,5 


sar 

bx,cl 

/start address adjust 

add 

bx,bp 

/new start address 

mov 

ah,bh 

/upper bits go into start address 

mov 

al,0ch 

/Start Address high register index 

out 

dx,ax 

/Write start address high 

inc 

al 

/Start Address low index 

mov 

ah,bl 

/low byte of start address 

out 

dx,ax 

/Write start address low 

ret 



HORIZ_SCROLL_4 endp 


EndOfProgram label byte 


code ends 



end 



Listings can be downloaded using PCTECIIline, 301/740-8383■ 

Parameters: 

2400/1200/300 bps, no parity, 8 data bits, 1 stop bit. 
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L -Worthy Interface Library helps you smoothly pull together all aspects of an excellent Human Interface. 


C Programmers: Wrap an Exciting, 
Bullet-Proof Interface Around 
Your Code Quickly. 


A Complete Solution... 

C-Worthy® Interface Library 

The only human interface package 
you need. That's what our customers 
are telling us. One early adopter, 

Novell, Inc., uses it exclusively in the 
development of their NetWare Utilities, 
which reach over 500,000 users. You 
see, C-Worhty Interface Library is the 
only library available to handle all 
aspects of your program's human 
interface with one package. Now your 
programs will have a consistent look 
and feel. You no longer have to 
integrate pieces of libraries from 
different manufacturers. 

As important as you know users are, 
you often don't have the time to heavily 
invest in writing routine code. And 
that's OK, because with over 400 tight, 
ready-to-use functions, C-Worthy 
Interface Library takes care of the 
tedium and lets you spend your time 
doing what you enjoy. Concentrate on 
the heart of your application — features 
that make it unique, special. Let 
C-Worthy Interface Library do your: 

• Menus 

• Error Handling 

• DOS Interface 

• Context Sensitive Help 

• Screens, Windows 

• Forms, Data Input (optional* 

You control color, size, border, 

location, etc. And if there's anything 
you want to change, you can. Source is 
available to provide you with the 
flexibility you need. And you can 
distribute your applications freely, with 
no royalties. 

(. -Worthy Interface Library requires hard disk media with 25oK 
RAM MSDOS 2.0 *• and IBM PC. or compatible. Tl Professional, 
NEC APC III, or VICTOR 9000. C-Worthy is a registered 
trademark of Custom Design Systems, Ini 


Tech Specs 

^ Compilers: Microsoft 3.0+, Quick, Turbo, 
Lattice. All models. 

► 350+ functions written in C, 75+ in 
Assembler. 

► Menus: Fully support pop-up, Lotus style. 
MS Windows style (pull-down), pull-up. 
Errors: DOS, program, and user. 

► DOS Interface: 62 functions. File handling, 
dir. and drive management, date & time 
conversion, wildcards, more. 

^ Help: System and context sensitive. 

Screens: Screen display, color palettes, save, 
restore, scroll, more. 

Windows: Exploding, tiled, pop-up, 
overlapping Direct video access and virtual. 
Up to 50 active at any time. 

Keyboard Handling: Regular, function, 
interrupt, background procedures. 

Editing: String and word wrap text. 

Form Interface Library: 118 functions. 

Over 15 field types, and user definable field 
types. 3 levels of data validation: type, 
multiple field ranges, optional validation 
procedures. Hide, lock, or secure a field 
Optimal field movement. 

Foreign Languages: All text messages in 
separate files for easy translation. 

Linked list mgt. and display routines. 

OS/2 version available. 

Machines: Autodetect for MDA, CCA, 
EGA, VGA, TI, AT&T, Victor. 


• No royalties. 


"I heartily recommend this package," 

— David A. Schmitt, president, Lattice, Inc. 
Over 1,500 developers in 16 countries already use it. 

Thorough Documentation 


C-Worthy 
Form Builder 

Interactively create data input forms 
with the menu-driven Form Builder. 
Modify and test forms and fields 
without compiling and linking. All 17 
data types from the Form Interface 
Library are supported. Add new types 
if you need to. Coming soon — call 
for price and availability. 




Outrageous demo. 

Call for 
C-Worthy's 

FREE 

Applications 
Kit. No 
strings 
attached. 


C-Worthy Interface Library: 

Object only .$195 

Form Interface Library add-on.$ 100 

Object with Forms.$ 295 


Object with Forms & Library Source... $ 495 

Please specify compiler and version when ordering. 


To Order Call 

(800) 821- 2492 

in MA (617) 337-6963 


Indexed alphabetically and by category, 
the 700+ page Reference Guide includes 
for each function: an example, description, 
calling conventions, return values, and 
related functions. The 250 page User's 
Guide gets you going with its tutorial 
and "Getting Started" sections. 
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Outfitting the End User 

Desirements and Dreams 

The task of clarifying a new system’s requirements is 
unpopular at best, but failure to do so is invariably worse 



T wo times in recent years I have 
been faced with every developer’s 
nightmare: a client too important 
to be dismissed, bringing me a piece 
of code that even he does not fully 
understand, and asking me to perform 
major maintenance on the program. 

In one case, a video game devel¬ 
oper needed a PC/r version of a prod¬ 
uct for the Apple II. The only “docu¬ 
mentation” available was the Apple II 
program and its assembly-language 
source code. That code contained ex¬ 
actly one comment: the original au¬ 
thor’s name and date. 

The other case involved a program 
for cost estimation. The client wanted 
to add options for analyzing alterna¬ 
tives without reentering the unchanged 
portions of the input. The costing 
model that the program applied had 
been updated many times, but the only 
record of these modifications was the 
program itself. In this case also, com¬ 
ments were minimal; there even were 
some serious inconsistencies in the 
way that costs were calculated, not no¬ 
ticed until the code was carefully read. 

In each case, the client had to pay 
me to reverse-engineer the program by 
reading the code and observing its run¬ 
time behavior. One of the most expen¬ 
sive aspects of such work is the time 
required to make judgment calls. Is a 
particular behavior a feature (to be 
preserved), a quirk (to be ignored if it 
could be done more easily in a differ¬ 
ent way), a compromise (to be done 
better if possible), or a bug (to be 
fixed or documented)? 

These situations demonstrate the 
substantial cost of failure to describe 
requirements for software: to produce 
definitions external to the (presumably) 
working code. These requirements go 
beyond description of runtime be¬ 
havior—they extend through the entire 
life cycle of the program, because soft¬ 
ware design is truly a case of “pay me 
now, or pay me later.” 


FROM THE TOP 

One of the world’s largest purchasers 
of software, the U. S. Department of 
Defense (DoD), offers an instructive 
approach to the problem of detailing a 
system’s requirements. People often 
poke fun, or become genuinely angry, 
at the complex procedures that result 
in seemingly ridiculous costs for mili¬ 
tary hardware. In the area of software, 
however, the DoD standards provide a 
useful checklist for content, even if you 
don’t want to deal with the DoD’s 
many separate documents. 

The process begins with a top- 
level document called the System Spec¬ 
ification, which specifies requirements 
but is carefully written so as not to 
specify the solution. In fact, the most 
recent revision of the DoD’s overall 
procedure deletes several items from 
this document; for example, processor- 
memory size and word size were de¬ 
ferred until later in the process. 

The critical issue at this top-level 
requirements stage is to avoid what 
Kurt Motamedi, professor of organiza¬ 
tion theory at Pepperdine University’s 
School of Business and Management, 
calls “aspirin statements” (the term 
comes from a hypothetical medical di¬ 
agnosis, “The patient has failed to take 


aspirin”). Such a statement says nothing 
about the real problem, but rather re¬ 
casts the situation as the failure to 
apply the preconceived solution. 

PIECE NEGOTIATIONS 

The System Specification leads to the 
System Design Document, which de¬ 
scribes the design of the system in the 
context of the environments in which it 
will be used and maintained. It breaks 
the overall concept into identifiable 
pieces of hardware and software, as 
well as identifying what people will 
have to do to make it all work. 

Identifying the user operations is 
especially important when designing 
desktop systems—precisely the cases in 
which these operations must be mini¬ 
mized. There is a big difference, for 
example, between a backup system that 
takes one minute per mega byte (but 
requires the user to swap media every 
mo minutes) and one that takes three 
times as long (but can back up 40MB 
without user intervention). 

I predict greater user acceptance 
for the second system, in spite of its 
“lower” performance, but a design doc¬ 
ument that fails to spell out user opera¬ 
tions may mask such trade-offs until the 
wrong choice is cast in silicon. 
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OUTFITTING THE END USER 


Description of the use and mainte¬ 
nance environments is also important 
because it draws attention to the avail¬ 
ability of help from other users (for 
software) and the availability of parts 
and supplies (for hardware). I have 
seen “alpha users” induce a depart¬ 
ment to select a word processor that 
was used by no other department in 
the company. “The whole company will 
be going to this one,” they assured the 
manager. It hasn’t happened, and the 
costs of being different have been real. 
These costs were never assessed up 
front because no equivalent of the Sys¬ 
tem Design Document existed in the 
company’s development process. 

The same concerns hold for hard¬ 
ware: When you buy a printer, do you 
verify the availability of drivers for all 
your applications? When you buy a new 
computer, do you determine the types 
and sources of parts that will require 
replacement at regular intervals? I won¬ 
der, for example, how many buyers of 
die Macintosh II know that replacement 
of the clock/calendar battery is going to 
require unsoldering the old one from 
the system board. 

Careful description of the environ¬ 
ment also starts you thinking early 
about connectivity considerations; these 


are handled in die DoD procedure by 
an Interface Requirements Specification, 
which may deal with such details as the 
formats of data as well as the protocols 
for their transfer to and from external 
systems. You may not need to develop 
this as a separate document, but you 
need to cover this ground. What will 
your host connection be, if any? Are 
the required slots available? Be careful: 
some of the most exotic boards out 
there actually require an old-fashioned 
XT-style 8-bit slot, because their skirts 
come right up to the edge of that 8-bit 
connector. Details matter. 

Ordinary peripheral interfaces are 
also a vital issue. For example, will you 
wind up needing three serial ports? It 
can be done on some systems, but will 
the applications accept the required 
port assignments? 

Even if you do nothing more, this 
kind of environmental analysis can 
eliminate many of the unpleasant and 
expensive surprises that are associated 
with too many PC-based systems. If the 
system in question is nontrivial, how¬ 
ever, consisting of more than a single 
turnkey item, you may want to go to 
the next level of detail—to negotiate, 
as it were, the same kind of under¬ 
standing between the various pieces of 


the system that you have so carefully 
developed between the system and the 
rest of the world. 

The DoD procedure spells out the 
responsibilities of each major piece of 
the system—each computer software 
configuration item (CSCI)—in a Soft¬ 
ware Requirements Specification (SRS). 
The SRS specifies which requirements 
from the top-level document have been 
“allocated” to a particular CSCI. The 
purpose of the document is not merely 
to give guidance to the developer, but 
(perhaps even more important) to spell 
out the criteria by which the customer 
will subsequently determine that the 
requirements have been met. 

A private contractor, bd Systems of 
Torrance, California, in reviewing these 
DoD standards to determine their ap¬ 
plicability to procurement of expert 
systems, has identified the following 
key criteria for a good SRS: 

• Internal consistency 

• Understandability 

• Traceability to System Specification 

• Consistency with the Interface Re¬ 
quirements Specification 

• Appropriate allocation of resources 
such as size and time 

• Adequate test coverage and testability 
of requirements 



DEC® VT100/VT102/VT52 and 
Tektronix® 4010, 4014, & 4105 
Terminal Emulator 


Text Mode Features: 

• 20 user-defined keys can delay, 
wait for a character, call other 
keys, and are encrypted. 

• large text scroll back buffer 

• hardware or scrolling 132 
column text mode 

• Kermit and XMODEM error-free 
file transfers 

• “hot key" to DOS 


New for VTEK 4.2: 


19,200 and 38,400 baud 
PostScript® support 
Switch among 4 printers 


Graphics Features: 

• Graphics are stored in 4096 X 
4096 Tektronix 4105 format, and 
can be converted to .PIC, 

.GEM, or HPGL formats. 

• scrolling VT100 window on the 
graphics screen 

• zoom, pan, and window plots 

• up to 800x600 screen resolution 
on EGAs via hardware scrolling 

• Most high-resolution graphics 
cards, printers, plotters and 
laser printers are supported 

• Replay plots on or off line 

• Substitute PostScript® fonts for 
GrafText and change line widths 


VTEK is designed by scientists to meet the needs of the scientific 
and engineering community for reliable and economical emulation. 


Still $150. Site and source code licenses are available 

Scientific Endeavors Corporation 


508 N. Kentucky St.; Kingston, TN 37763 (615) 376-4146 


Anrirfi 

® Menu 

Thr Simnlr nto “ 9 ‘“ 9e 

111C dllHUlt 

^ AT type environment 

Approach tO Rapid prototyping 

Powerful Solutions. Mul(iuser 

And simple means fast! Applications in Data and system integrity 

use instead of in development. Applica¬ 
tions completed when other system 

developers are still getting started. 

QSET is the most productive approach 

you can take to I/O applications. Easy to 
learn, fast, and flexible. Combines the 

power of UNIX, Xenix, C, and any 3GL you 
choose for powerful, portable applications. 

Supports relational, hierarchical, and net¬ 
work database structures. 

Built-in program logic insures data and 
system integrity* you can t build a bad 

application using QSET. 

Find out more. Call 800-727-2072. Ask 
for our product brochure and our very 
attractive introductory pricing offer. 

L v | ^ An Applications 

A Software Solution. 

QSET is a trademark of Business Management Data. Inc.. 

UNIX is a trademark of AT&T. Xenix is a trademark of Microsoft Corporation. 

AT is a trademark of International Business Machines Corporation. 
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TESTS: ACID AND BASIC 

That last item brings us to our Maxim 
of the Month: If it can’t be tested, it 
isn’t a requirement. Period. Call it a 
guideline, call it an indication of rela¬ 
tive priority, but don’t kid yourself that 
it’s a requirement if you can’t describe 
how you could prove that the system 
fails to meet it. 

Consider the following: “The sys¬ 
tem shall permit rapid user develop¬ 
ment of new reports.’’ What does this 
really mean? What we need, in order to 
test this statement, is a representative 
report format and description of how 
many keystrokes should be required to 
set up headers, footers, subheadings, 
column layout, and so on. (In deciding 
on a representative report format, you 
may even get a better handle on ex¬ 
actly what features you require—and 
how easy their use should be.) 

Maybe you are not too worried 
about keystrokes but want to be sure 
that the user can at least figure out 
what to do. How about: “The system 
shall provide on-line help describing 
all steps required to develop a report 
using headers, footers, subtotals, and 
totals for a multicolumn format.” Now 
there’s a requirement that can be 
tested—but one that generates a com¬ 
pletely different allocation of developer 
effort. You are going to pay for it, so 
you might as well get what you want. 

Or perhaps I should say, “what 
your users want.” Consider the follow¬ 
ing question, which I used to include 
on midterm exams. “A company hires a 
contractor to develop a new data-entry 
system with the goal of reducing user 
errors. The manager of the affected 
area meets with the contractor to de¬ 
fine his requirements; the contractor 
produces a formal specification, which 
is reviewed and approved by the man¬ 
ager before actual programming be¬ 
gins. Is this a good example of the soft¬ 
ware development cycle?” 

All but a few students messed up 
on this one. The ones who got it right 
noticed that nowhere in this scenario 
does the contractor talk to the users, 
the data-entry operators, the people 
who are making the errors that the 
manager wants to reduce. The manager 
may have no idea of the real problem 
with the existing system—even the 
operators may not recognize the cause. 
It takes someone on the scene— 
someone who understands users as 
well as understanding what they use. 

Another item on the aforemen¬ 
tioned list of criteria, the “traceability” 
of requirements to the top-level docu¬ 


ment, combines with my concern about 
understanding the user’s real need, to 
make me a little bit nervous about the 
current fascination with computer-aided 
systems engineering (CASE) techniques. 
My apprehension is that CASE auto¬ 
mates what is, in principle, the easy 
part of the job—the translation of a 
specification into executable code— 
while doing little to improve the likeli¬ 
hood that the result will be much 
closer to the user’s actual needs. 

By creating a whole new dimen¬ 
sion of programmer performance, in 
the form of elaborate graphics, CASE 
provides one more distraction from the 
unpleasant task of getting away from 
the keyboard and out to the front lines. 
Instead of concentrating on the link 
between designer and programmer—as 
vital as. that link is—we should be de¬ 
veloping tools that improve the cou¬ 
pling between user and designer. We 
need tools that make it easier, for ex¬ 
ample, to forecast the consequences of 
user choices in terms of system cost 
and/or performance. 

Traceability is important. Many 
managers are aghast to learn, months 
down the road, that their casual 
“wouldn’t it be nice” remark in a 
long-forgotten meeting has been inter¬ 


preted by a designer as an essential 
feature for a system that is (finally) 
nearing completion. If you document 
the origin of requirements, managers 
are more likely to say, “Wait! If I’m the 
only one who wants that, don’t bother 
if it costs more than [fill in the blank].” 

DEATH TO DESIREMENTS 

The cost of a feature cannot be over¬ 
looked. I once sat in on a meeting that 
soon got to the heart of the matter: the 
budget for the work at hand. Someone 
rashly commented that a certain feature 
under discussion was a requirement, 
although the incremental funds had yet 
to be allocated for its development. 

The manager at the head of the table 
fixed him with a steely gaze and said, 
“Young man, there is no such thing as 
an unfunded requirement.” 

His point, I trust, is clear. It makes 
no sense to describe anything as re¬ 
quired if you can’t define what it’s 
worth to you. When this has not been 
properly thought out, the proposal is a 
house of cards ready to collapse at the 
first disturbance. A term has been 
coined, I’m not sure by whom, for fea¬ 
tures that people would like to have 
but that they readily give up at the first 
hint of actual cost: desirements. 


Personal REXX: 

The batch alternative. 
Now. 


Personal REXX is a powerful general-purpose 
language bringing mainframe command and 
macro language capabilities to the PC. 


Personal REXX offers you: 

■ A superset of IBM CMS REXX. 

■ The ability to develop powerful batch 
procedures. 

■ Compatibility with IBM SAA REXX 
command language. 

■ Windowing and menu support. 

■ Easy prototyping. 

■ The ability to interface with KEDIT text 
editor, and other applications. 

Personal REXX runs on the IBM PC, 

AT, PS/2, and true compatibles 
using DOS 2.0-DOS 3.3. With 
Personal REXX, you can enjoy the 
many benefits of the macro 
language of the future. Today. 


PERSON A l 

REXX 


MANSFIELD 

■c/tw/fr 

RO. Box 532^ 





Storrs.CT 06268 

(203) 429-8402 

Personal REXX Version 1.60 available at $125 plus $3 shipping. MC, VISA. American Express. 

KEDIT is a trademark of the Mansfield Software Group. Inc.; IBM, IBM PC, AT. and PS/2 are trademarks 
of International Business Machines. 
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Many a frivolous proposal has 
been killed neatly by the polite but in¬ 
sistent question, “What will be the con¬ 
sequence of denying this request?” This 
is just a different slant on the question, 
“What’s it worth to you?” If neither of 
these questions is part of your own in- 
house justification process for every 
kind of resource allocation—time, 
money, space, whatever—then there is 
a good chance that you are foregoing a 
powerful tool for the separation of sig¬ 
nal from noise. 


Be sure to recognize, too, that the 
consequence of concern may be a mat¬ 
ter of common sense rather than dol¬ 
lars and cents. For example, in discuss¬ 
ing the testability of requirements for a 
graphics system, a group of my clients 
had just about agreed that five seconds 
was an acceptable time limit for a 
zooming operation when a prospective 
user of the system spoke up from the 
back of the room: “Excuse me, but if it 
takes five seconds to do a zoom, I 
don’t think I’ll bother.” Oops. We set- 


CBTREE, the easiest to use, 
most flexible B + tree file manager 
for fast and reliable record access 


CBTREE... Includes over 8,000 lines of ( C’ source code FREE! 

Since 1984, thousands of *C’ programmers have benefited from using CBTREE. 

Save programming time and effort. You can develop your applications 
quickly and easily since CBTREE’s interface is so simple. You’ll cut weeks off your 
development time. Use part or all of our complete sample programs to get your 
applications going FAST! 

Portable ‘C 5 code. The ‘C’ source code can be compiled with all popular C 
compilers for the IBM PC including Microsoft C, Quick C, Turbo C, Lattice C, Aztec 
C and others. Also works under Unix, Xenix, AmigaDos, Ultrix, VAX/CMS, and others. 
CBTREE includes record locking calls for multi-user and network applications. 
The CBTREE object module is only 22K and is easy to link into your programs. 
You don’t even pay runtime fees or royalties on your CBTREE applications! 

Reduce costs with system design flexibility. CBTREE allows unre¬ 
stricted and unlimited designs. Reduce your development costs. You define your 
keys the way you want. Supports any number of keys, variable key lengths, con¬ 
catenated keys, variable length data records, and data record size. Includes crash 
recovery utilities and more. 


Use the most efficient search techniques. CBTREE is a full function 
implementation of the industry standard B + tree access method, providing the fastest 
keyed file access performance. 


• Get first 

• Get last 

• Get previous 

• Get next 

• Get less than 

• Get less than or equal 


Database Calls: 

Get greater than 
Get greater than or equal 
Get sequential block 
Get partial key match 
Get all partial matches 
Get all keys and locations 


Insert key 

Insert key and record 
Delete key 

Delete key and record 
Change record location 


CBTREE is only $159 plus shipping - a money-saving price! 

We provide free telephone support and an unconditional 90-day money back 
guarantee! 

To order or for additional information on any of our products, call TOLL FREE 
1-800-346-8038 or (703) 847-1743 or write using the address below. 

NEW CBTREE add-on products to make your programming easier. AVAILABLE 
NOW! • Adhoc query, reporting system; • SQL interpreter. 

If you program in ‘C’, sooner or later you’re going to need a B + tree. Don’t delay until you're 
in a crunch, plan ahead, place your order for CBTREE now. Orders shipped within 24 hours! 

PEACOCK SYSTEMS, INC. 
2108-C GALLOWS ROAD 
VIENNA, VA 22180 

peacock SYSTems. nc 
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tied on a goal of half a second and a 
requirement of no more than two sec¬ 
onds, because this was one of the basic 
features that the system had to have—it 
had better be usably fast. 

DON’T FORGET TO DOCUMENT 

The DoD process includes two more 
vital documents: the Software User’s 
Manual and the Software Programmer’s 
Manual (SPM). User’s manuals have 
been improved, in my opinion, by the 
recent trend toward dividing documen¬ 
tation into a tutorial manual and a ref¬ 
erence manual; on-line help is also 
becoming better and more widely 
used, so I’ll let well enough alone. 

Too often omitted, however, is 
documentation of crucial matters such 
as file format—precisely the type of 
subject covered by the SPM—without 
which developing truly integrated sys¬ 
tems can be extremely difficult. Note, 
for example, that Apple’s much-vaunted 
HyperCard uses a file format that Apple 
refuses to disclose even to its so-called 
Certified Developers. 

Some of these companies have 
reverse-engineered the format to de¬ 
velop utilities such as report genera¬ 
tors, adding much-needed functionality 
to the program, but their work remains 
entirely vulnerable to future changes 
by Apple. I know at least one user who 
declared a boycott of all programs for 
which no file format is documented. If 
you also feel strongly about this, you 
might tty a book called More File For¬ 
mats for Popular PC Software , by Jeff 
Walden (John Wiley and Sons, 1987). 
Others have liked it. 

OBJECTIONS TO OBJECTIVES 

The problem with being the voice of 
reason is that it is never much fun to 
confront people with the weakness of 
their logic. This is particularly the case 
where computers are involved, because 
the typical user comes into the process 
with expectations so far in excess of 
reality that even the most gentle awak¬ 
ening is going to feel like falling out of 
bed—from the top bunk. 

This is not the user’s fault. Users 
can view a world where Captain Picard 
of the starship Enterprise can ask the 
computer a question, the computer can 
say “Insufficient data,” and he can re¬ 
spond with the order: “Speculate!” 
Wouldn’t that be nice. 

Exposure to such possibilities 
leads to user requests that are not even 
desirements, but dreams. Expert sys¬ 
tems are an example. People discuss 
them as if they were like the so-called 
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“smart cables” that automatically config¬ 
ure themselves based on the signals 
they see. Users ask if they can solve a 
problem with an expert system when 
all they really know about the problem 
is its symptoms. 

The trick for us is to avoid being 
too much of a party pooper. We need 
to present the development process as 
one of helping the user get what he or 
she wants rather than as a procedural 
straitjacket. It’s possible to talk about 
objectives as friendly aids to decision 
making. Arthur A. Thompson, Jr. and 
A.J. Strickland III, in Strategic Manage¬ 
ment: Concepts and Cases (Business 
Publications, Richard D. Irwin Inc., 
1987), offer the following five-point list 
of criteria for a good objective. It 
should do the following: 

• Relate to a single, specific topic 

• Relate to a result, not an activity 

• Be stated in measurable terms 

• Contain a time deadline 

• Be challenging but achievable 

THE LONG, LONG VIEW 

The expanding world of information is 
often compared to a vast uncharted 
ocean, with our increasingly powerful 
computers being the navigational tools 
that help us make the best use of its 
resources. With this image in mind, it’s 
instructive to consider the remarks of 
Yale University history professor Paul 
Kennedy in his recent best-seller, The 
Rise and Fall of the Great Powers (Ran¬ 
dom House, 1987). Commenting on the 
relative level of advancement of the Far 
East, Europe, and the Islamic countries 
as maritime powers in the fifteenth 
century, he observes: 

“There was little difference, one sus¬ 
pects, between all three regions in 
regard to cartography, astronomy, and 
the use of instruments like the com¬ 
pass, astrolabe, and quadrant. What 
was different was sustained organiza¬ 
tion : for example, the systematic col¬ 
lection of geographic data by the Por¬ 
tuguese.” 

In the same way, computers (like 
the compass and the astrolabe) are an 
enabling technology: a multiplier of in¬ 
telligence and creativity, but not a sub¬ 
stitute for either. Today and in the fu¬ 
ture, tools plus a well-considered strat¬ 
egy will triumph over the mastery of 
tools alone. 1 Mimnim 


Peter C. Coffee is managing partner of 
SolveWare, a developer and business com¬ 
puting consultant, and is active in AI and 
distributed computing applications for aero¬ 
space and educational clients. 
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VIA 

9-TRACK 

TAPE 


Catamount offers the Highest Performance 8-bit and 16-bit I/O 9-track tape sub¬ 
systems for reading and writing Mainframe-compatible '/ 2 -inch magnetic tape on the 
IBM PC/XT/AT and compatibles such as the Compaq 386. Outstanding features 
include: 


• 16-bit I/O, 128 KByte FIFO Buffered Interface for the AT and 
compatibles — No 8-bit bottleneck on the AT. 

• Interface burst transfer rate capabilities greater than 1 megabyte/sec. 

• Transfer data on either a DMA or Programmed I/O basis. 

• Disk drive emulation software for direct tape data access with higher level 
languages and database management programs. 

• D-type interface connector with shielded data cable for easy and reliable 
connection to the PC — No problem-prone Ribbon Cables. 


Complete Tape Subsystems are available to handle 800, 1600, 3200, and 6250 bpi 
formats and are priced from $3495. For more information, call today! 



M 

/OVTAMOUNT 

^ CORPORATION 


Phone: (805)584-2233 
FAX: (805)584-0941 

2243 Agate Court, Simi Valley, CA 93065-1898 
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STOP 

Re-Solving 

Old 

Problems 


Eight out of every ten user support questions involve 
a known solution. Yet most will be solved again -- a 
slow, expensive process. Only a few of these repeat 
questions will be recognized and resolved without re¬ 
dundant effort. 


That’s why you need KnowHow. 

KnowHow uses specific knowledge-retrieval tech¬ 
niques to cross-index your expert’s cause-and-effect 
input, and retrieve it as "how-to" or "what-went-wrong" 
solutions — even when the question sounds entirely 
different. 


Experience is a corporate resource. 

Call today, and let KnowHow help leverage your ex¬ 
pertise. DOS, Xenix, OS/2. 


This Is How 

4444 F.M. 1960 W„ Ste. 28-261, Houston, TX 77068 

Calling is Quicker. (713) 288-4020 
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RAMpak for your Compaq! 


MicroWay is your best source for the 
software and hardware you need to get true 32- 
bit speed out of your 386 machine. 

Since many of our users have been having 
difficulty obtaining memory to upgrade their 
DESKPROs, we decided to add a 386/20 one 
megabyte upgrade module to our product line. 
The RAMpak™ is Compaq compatible and can 
be used to extend your 386/20 from one to four 
megabytes. MicroWay’s "SlotSaver" combines 
an mW1167 with a VGA card for the 20 MHz 
model. We also sell the 25 MHz Weitek 3167 
fortheDESKPRO 386/25. 

Additionally, we have mW1167 slotless 
numeric coprocessor cards for Acer, ALR, 
AT&T, Compaq, Dell, Everex, HP, Micronics, 
NCR, Olivetti, Tandy and Wyse 386 systems. 
We will soon offer an mW1167 that runs in the 
Micro Channel of the IBM model 70 and 80. 


Dr. Robert Atwell, a leading defense scientist, 
calculates that NDP Fortran-386 is currently 
saving him $12,000 per month in rentals of 
VAX hardware and software while doubling 
his productivity! 


Fred Ziegler of AspenTech in Cambridge, 
Mass, reports, "I ported 900,000 lines of 
Fortran source in two weeks without a single 
problem!” AspenTech's Chemical Modeling 
System is in use on mainframes worldwide 
and is probably the largest application to ever 
run on an Intel processor. 


Dr. Jerry Ginsberg of Georgia Tech reports, 
”My problems run a factor of six faster using 
NDP Fortran-386 on an mW 1167 equipped 
386/20 than they do on my Micro VAX II. ” 


Our NDP compilers and NDP utilities are the 
key to taking advantage of the two to five-fold 
increase in speed that the mW1167 provides. 
The compilers generate mainframe style code, 
while our utilities simplify ports from either the 
PC or the mainframe world. A new utility 
enables our NDP compilers to call HALO 88. 

If you are curious about the benefits of the 
NDP/mW1167 approach, consider the follow¬ 
ing (price estimates are for complete systems): 

Coprocessor Speed (Flops) Prices 

80287-10 80,000 $3,000 

80387-20 440,000 $5,000 

mWl 167-20 2,100,000 $6,000 

When driven by a 32-bit compiler, the 
mWl 167 approaches the speed of a $600,000 
VAX 8650! In fact, many of our users have 
reported increases in turnaround of 2 to 4 times 
that of their VAX! Call us for complete details. 


32-Bit Compilers and Tools 


NDP Fortran-386™ and NDP C-386™ Com¬ 
pilers generate globally optimized, mainframe 
quality code and run in 386 protected mode 
under Phar Lap extended MS-DOS, UNIX, or 
XENIX. The memory model employed uses 2 
segments, each of which can be up to 4 
gigabytes. They generate code for the 80287, 
80387, or mW1167. Both include high speed 
EGA graphics extensions written in C that per¬ 
form BASIC-like screen operations. 

• NDP Fortran-386™ Full implementation of 

FORTRAN-77 with Berkeley 4.2, VAX/VMS 
and Fortran-66 extensions.$595 

• NDP C-386™ Full implementation of AT&T’s 
PCC with MS and ANSI extensions.... $595 


NDP Package Pricing: 

387FastPAK: NDP Compiler, Phar Lap and 
80387 Coprocessor 16 MHz: $1299 

20 MHz: $1499 

1167FastPAK: NDP Compiler, Phar Lap 
and mWl 167 Coprocessor 16 MHz: $1695 
20 MHz: $2295 


Phar Lap Development Tools .$495 

Virtual Memory Extension.$295 


NDP Windows™ —NDP Windows includes 80 
functions that let you create, store, and recall 
menus and windows. It works with NDP C-386 
and drives all the popular graphics adapters: 
.Library: $125, C Source: $250 

NDP Plot™ — Calcomp compatible plot pack¬ 
age that is callable from NDP Fortran. It in¬ 
cludes drivers for the most popular plotters and 
printers and works with CGA, Hercules, EGA 
and VGA.$325 

NDP/FFT™ — Includes 40 fast running, hand 
coded algorithms for single and double dimen¬ 
sioned FFTs which take advantage of the 32- 
bit addressing of the 386 or your hard disk. Call¬ 
able from NDP Fortran with mW1167 and 

80387 support.$250 

387FFT for 16-bit compilers.$250 

HALO 88 to NDP Graphics Interface — This 
module enables you to call graphics routines in 
HALO 88 from NDP Fortran or C.$100 


' MicroWay® ^ 

80386 Support 

v (508) 746-7341 y 


Parallel Processing 


Monoputer™ 

The world’s most popular transputer develop¬ 
ment product runs all MicroWay transputer 
software using either a T414 or T800. The T800 
processor has built-in numerics and provides 
performance comparable to an 80386 running 
at 20 MHz with an mWl 167. The new 3L Paral¬ 
lel C and Fortran compilers make this an espe¬ 
cially attractive porting environment. Can be 


upgraded to 2 megabytes. 

Monoputer with T414 (0 MB).$995 

Monoputer with T800 (0 MB).$1495 


Quadputer™ 

This board for the XT, AT, or 386 can be pur¬ 
chased with 2, 3 or 4 transputers and 1,4 or 8 
megabytes of memory per transputer. Two or 
more Quadputers can be linked together to 
build networks with mainframe power which 
use up to 100 or more transputers. One 
customer’s application has gone from 8 hours 
on a mainframe to 16 minutes on a system con¬ 
taining five Quadputers .from $3495 

Transputer Compilers and Applications 
MicroWay offers Parallel languages for the 
Monoputer and Quadputer. 

Logical Systems Parallel C.$595 

MicroWay Occam2.$495 

3L Parallel C.$895 

3L Parallel Fortran .$895 

MicroWay Prolog Interpreter.$750 

mField — A specialty finite element analysis 
package targeted at transputer networks. 
Ideally suited to take advantage of the six 
megaflop speed of the Quadputer.. . $1600 
T800/NAG™(See NDP/NAG).$895 

387BASIC™ — MicroWay’s new 16-bit 
Microsoft compatible Basic compiler generates 
the smallest EXE files and the fastest running 
numeric code on the market.$249 


Compaq 386/20/25 Add-Ons 


RAMpak™ - One megabyte 32-bit memory 
module fits in Compaq memory slot . . CALL 
mW1167™- Built at MicroWay using Weitek 
components and includes an 80387 socket. 


mWH67-16.$995 

mWl 167-20 .$1595 

mW1167/VGA-20 "SlotSaver” .$1995 

Weitek 3167 25MHz .$1995 

80387-20 .$675 

80387-25 .$795 


Numeric Coprocessors 


8087 .$99 

8087-2 .$145 

80287-8 .$239 

80287-10 .$279 

80387-16 .$450 

80387-20 .$675 

80387-25 .$795 

287Turbo-12 (for AT compatibles) . .. .$450 

256K 100ns DRAM .CALL 

256K SIMMS .$119 

1MB SIMMS .$450 


(All of our Intel coprocessors include 87Test.) 


Intelligent Serial Controllers 


MicroWay’s AT4™, AT8™, and AT 16™ are the 
fastest 80186-based intelligent serial control¬ 
lers on the market. They come with drivers for 
UNIX, XENIX, and PC MOS. 

AT4 ... $795 AT8 ... $995 AT16...$1295 


32-Bit Applications 


PSTAT-386 — This mainframe statistics pack¬ 
age has been used by government and in¬ 
dustry for 20 years. The full version was ported. 
Requires 4 to 6 megabytes of memory: $1495 

NDP/NAG™ — Features a library of 268 en¬ 
gineering and scientific numerical algorithms. 


Callable from NDP or 3L Fortran.$895 


12 MHz PC Accelerators 


FastCACHE-286 12 MHz.$299 

SuperCACHE-286 12 MHz .$399 

FastCACHE-286 9 MHz.$199 


Micro 

World Leader in PC Numerics 

Way 

P.O. Box 79, Kingston, MA 02364 USA (508) 746-7341 

32 High St., Kingston-Upon-Thames, U.K., 01-541-5466 
USA FAX 617-934-2414 Australia 02-439-8400 Germany 069-75-1428 
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PARADISE PRICES 1-800-445-7899 



CALL PROGRAMMER’S PARADISE TODAY and discover 

our commitment to bringing you the best software at the best 
prices. You'll also find software pros to help you select the 
product that you need plus immediate shipment on our stock 
of 1000 products and a 30-day money back guarantee. Paradise 
is ready and waiting for you. 

LIST OURS LIST OURS 


ASSEMBLY LANGUAGE 


Advantage Disassembler 

295 

279 

MS Macro Assembler 

150 

105 

OPTASM 

129 

115 

Phar Lap 386 ASM/LINK 

495 

409 

Turbo Assembler/Debbuger 150 

105 

BASIC 

MS BASIC/6.0 

295 

199 

MS QuickBASIC 

99 

69 

Turbo Basic 

100 

69 

Turbo Basic Toolboxes 

100 

69 

C COMPILERS 

High C 386 

895 

799 

Lattice C 

450 

289 

Microsoft C 

450 

299 

NDP C-386 

595 

529 

QuickC 

99 

69 

w/serial mouse 

249 

149 


NEW RELEASES 

ACTOR 1.2 

Now supports 500K memory 
under LIM Expanded Memo¬ 
ry Specifications, and adds 
full support for the new re¬ 
leases of Microsoft 
Windows/286 and Win¬ 
dows/386 (versions 2.1). 

List: $495 Ours: $423 

LATTICE C 3.3 

Integrated environment that 
includes a screen editor and 
source level debugger. Lat¬ 
tice C 3.3 generates DOS, 
OS/2 or 'Family mode' pro¬ 
grams which are compatible 
with either operating system. 
List: $450 Ours: $289 

Essential C Utility Library 4.0 
New Power Functions include 
a fully functional editor, di¬ 
rectory backup/maintenance 
utilities, mouse-driven user 
interfaces, dialog boxes and 
much more. 

List: $199 Ours: $139 


Turbo C v. 2.0 

150 

105 

WATCOM C 6.5 

295 

269 

C LIBRARIES/UTILITIES 


CASYNCH MANAGER 

175 

137 

C TOOLS PLUS/5.0 

129 

101 

C Utility Library 

199 

139 

Essential Comm Library 

185 

125 

Greenleaf BusinessMathLib 239 

159 

Greenleaf Comm Library 

225 

169 

Greenleaf Functions 

209 

155 

Greenleaf SuperFunctions 

265 

179 

Greenleaf TurboFunctions 

109 

79 

PC-lint 

139 

101 

PforCe 

395 

215 

TimeSlicer 

295 

279 

Turbo C Tools 

129 

99 

C GRAPHICS 

Graphic 

395 

322 

GSS Graphic Dev. Tk. 
HALO '88 

495 

409 

325 

219 

HALO '88-MS Developers 

595 

399 

MetaWINDOW 

195 

162 

MetaWINDOW/PLUS 

275 

232 

Turbo Geometry Lib. 

150 

135 

C SCREENS/WINDOWS 


C-Scape 

299 

282 

JAM 

750 

684 

PANEL Plus 

495 

395 

PANEL/QC or TC 

129 

99 

Vitamin C 

225 

162 

VCScreen 

100 

80 

Windows for C 

195 

169 

Windows for Data 

dBASE LANGUAGE 

295 

259 

Clipper 

dBFast 

695 

100 

439 

75 

FoxBASE + 

395 

249 

Flipper 

195 

182 

MAGIC PC 

199 

179 

R&R 

149 

129 

SilverComm Library 

150 

139 

Tom Rettig's Library 

100 

80 

FORTRAN COMPILERS 


Lahey F77 FORTRAN 

477 

429 

MS FORTRAN 

450 

299 

NDP FORTRAN-386 

595 

479 

RM/FORTRAN 

595 

479 

PASCAL COMPILERS 

Microsoft Pascal 

300 

199 

Turbo Pascal v. 5.0 

150 

105 

Turbo Pascal Dev. Toolkit 

395 

289 


LIST OURS 

TURBO PASCAL ADD-ONS 


DATABOSS APPLIC. GEN. 

399 

359 

T-Debug Plus v. 4.0 

45 

40 

w/Source 

90 

80 

Turbo Analyst 

75 

69 

Turbo Halo 

95 

80 

Turbo POWER SCREEN 

129 

99 

Turbo POWER TOOLS PLUS 129 

99 

Turbo POWER UTILITIES 

95 

79 

Turbo Professional 4.0 

99 

80 

DISK/DOS/UTILITIES 



386-to-the-Max 

75 

66 

Advanced Norton Utilities 

150 

99 

Mace Utilities 

99 

90 

Norton Commander 

75 

55 

Norton Utilities 

100 

61 

PC Tools Deluxe 

80 

70 

Vfeature Deluxe 

120 

111 

X-Tree Pro 

129 

111 

EDITORS 



BRIEF 

195 CALL 

Epsilon 

195 

151 

KEDIT 

150 

120 

MKS/VI 

75 

66 

Multi-Edit 

99 

90 

PI Editor 

195 

165 

SPF/PC 

245 

185 

VEDIT PLUS 3.0 

185 

131 

FILE MANAGEMENT 



Btrieve 

245 

185 

Xtrieve 

245 

189 

Report Option 

145 

109 

Btrieve/N 

595 

455 

c-tree 

395 

318 

d-tree 

495 

395 

r-tree 

295 

241 

c-tree/r-tree Bundle 

650 

523 

CQL Query System 

395 

332 

dBC III 

250 

169 

dBC III PLUS 

750 

599 

dB_ VISTA 

195 

159 

XQL 

795 

599 


1000 BRAND NAME 
PRODUCTS IN 
STOCK 


OBJECT-ORIENTED 



PROGRAMMING 



ACTOR 

495 

423 

ADVANTAGE C + + 

495 

479 

C-talk 

150 

137 

Smalltalk/V 

100 

85 

Communications 

50 

45 

EGA/VGA Color Ext. 

50 

45 

Goodies #1 or #2 

50 

45 

Smalltalk/V 286 

200 

169 


OPERATING SYSTEMS/ 
CONTROL PROGRAMS 

Concurrent DOS 386 395 349 

Microport Sys. V/AT (comp) 649 549 
Sys. V/386 (comp.) 899 769 

SCO XENIX Sys. V (comp) 1295 999 
System V/386 (comp.) 1495 1195 
for IBM PS/2 Model 80 1695 1359 

VM/386 245 182 

MICROSOFT Windows/386 195 130 

Wendin-DOS 139 109 


OTHER PRODUCTS 

INTERACTIVE EASYFLOW 
LINK & LOCATE + + 
Logitech MOD II Dev. Sys 
MKS Toolkit 
MS COBOL Compiler 
MS Windows Dev. Kit 
Norton Guides 
Opt-Tech Sort 
PC Scheme 
Periscope 1,11,111 
Plink86plus 
PVCS Corporate 
Source Print 

HOW WE WORK 

PHONE ORDERS 


accept MasterCard, Visa, Ameri¬ 
can Express. Include $3.95 per 
item for shipping and handling. 
All shipments by UPS ground. 
Rush service available, ask for 
rates when you order. 

MAILORDERS 

POs by mail or fax are welcome. 
Please include phone number. 


LIST 

OURS 

150 

125 

395 

349 

. 249 

209 

169 

145 

900 

599 

500 

319 

100 

75 

149 

99 

95 

86 

CALL 

CALL 

495 

275 

395 

359 

97 

80 

‘.We 



TECHNICAL 
SUPPORT FROM 
SOFTWARE 
PROS 


RETURN POLICY 

Our "No Hassle" policy means 
if you're not satisfied with a 
product from Programmer's, 
simply return it within 30 days 
for a refund. Some manufactur¬ 
er's products cannot be returned 
once disk seals are broken, so 
check before you buy. 

INTERNATIONAL SERVICE 

Take advantage of our Inter¬ 
national business number for 
details on export charges 
and exchange rates. Payments 
should be made in U.S. dollars. 


DEALERS AND 
CORPORATE ACCOUNTS 

Call and ask for our catalog and 
special volume discounts. 

UNBEATABLE PRICES 

We'll match lower nationally 
advertised prices. 

In NY: 914-332-4548 
Customer Service: 914-332-0869 
International Orders: 914-332-4548 
Telex: 510-601-7602 
Fax: 914-332-4021 

Call or Write for 
Latest Free Catalog! 



55 South Broadway, Tarrytown, NY 10591 
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^ 386 or 286 Bullet Designs ^ 

BOTH boards are: simply faster* 


Pi Computer 
Corporation 

370 D Greenbrier Square 
Greenbrier Drive 
Charlottesville, VA 22901 




Starting At $386 0K 



Call: 800-6-NO WAIT 
800-666-9248 

804-974-6633 
FAX: 804-974-6572 
TECH: 804-974-6622 


than Compaq® 3BGI1GS 
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ATTENTION 

RETAILERS... 

YOU SHOULD CARRY 
PC TECH JOURNAL, 
the magazine for 
Systems Professionals 

E very issue of PC TECH JOURNAL speaks to the Systems 
Professionals who shop in your stores. From systems design 
and integration, to multitasking and telecommunications, 
PC TECH JOURNAL is the only magazine that delivers sophis¬ 
ticated coverage advanced users and professionals need. 

For more information on how you can carry this "silent 
salesman" for greater prof its, call (212) 503-5331 or write: 
Chris Cherry—Retail Sales Representative 
Ziff-Davis Publishing Company 
One Park Avenue—New York , NY 10016 
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TECH MARKETPLACE 

THE COMPREHENSIVE GUIDE TO PRODUCTS AND SERVICES FOR THE MS DOS MARKET 


PRODUCT CATEGORIES 


HARDWARE _ 160-162 

ACCESSORY CARDS.160 

COMMUNICATIONS.161 

COMPUTER SYSTEMS.161, 162 

PERIPHERALS .162 


SOFTWARE_162-168 

BUSINESS.162 

COMMUNICATIONS.162, 163 

ENGINEERING.163 

GRAPHICS.163 

LANGUAGES.163 

NETWORKING.163 

PROGRAMMERS TOOLS.163-167 

PUBLIC DOMAIN.167 

SECURITY DEVICES.167 

TERMINAL EMULATION.168 

UTILITIES.168 


MISCELLANEOUS_169 

BAR CODING.169 

COMPUTER TRAINING.169 

DATA CONVERSION.169 

PUBLICATIONS.169 

SUPPLIES.169 


ADVERTISING RATES 
AND INFORMATION 


PC Tech Journal Marketplace is a special economical 
section for product and service listings. 

Listings are grouped by category and sold by column 
inches. Second color option available. 

Standard Directory Listings are also available for a 
minimum of 3 issues at $220.00 per issue ($660 total). 

For additional information call 212-503-5115 or 
800-825-4ADS. 


ACCOUNT MANAGERS 

Michael J. King, Account Representative 
(212) 503-5116 

WA, HI, AZ, MT, NV, ID, ALL CA, NM, UT, CO, 
OR, WY, Canada 

Lee Uniacke, Account Representative 
(212) 503-5141 

AK, AL, AR, DC, DE, FC, FL, GA, IA, IL, IN, KS, 
KY, LA, MD, MI, MN, MO, MS, NB, NC, ND, NJ, 
OH, OK, PA, SC, SD, TN, TX, VA, WI, WV, CT, 
MA, ME, NH, NY, RI, VT, British Columbia 
(All Overseas Calls) 


CLASSIFIED ADVERTISING 
STAFF 


One Park Avenue, New York, NY 10016 
(212) 503-5115 


Group Sales Director 
Kathryn J. Cumberlander 
Sales Manager 
Phyllis Kenny 
Advertising Coordinator 
Elizabeth Lopez 


Advertising Support Manager 
Monica Dixon 
Production Director 
Anne R. Brockinton 
Production Manager 
Carolyn Bingham 


NOVEMBER 1988 
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Hardware/Accessory Cards 


Accessory Cards 


PEACOCK 1 ' 1 VGA -16 BIT TRANSFORMER FOR PC & XT 



Allstar's new Peacock™ 

VGA PLUS gives you 
SIXTEEN BIT all mode 
performance. Offers IBM 
register-to-register 
compatibility with BOTH Made in USA 

TTL and Analog connectors. PS-2 Feature Connector with 
512 K High Speed RAM and Five crystal controlled 
frequencies. Device drivers are provided for GEM, Autocad V- 
9, Lotus 1 2 3, Ventura, Windows 386 and others. 

PEACOCK™ VGA Plus Does It All — 

• VGA +; VGA; EGA; CGA; MDA; MCGA; & Hercules 

• 16 BIT Performance (Also XT Compatible) 

• 300 x 200/256; 640 x 480/256; 800 x 600/16; 

800 x 600/256; 1024 x 768/16 Colors 

• Both Analog and TTL Monitors Supported 

• 512k High Speed RAM 

• 80 COL x 66 ROWS Plus 132 COL x 44 ROWS 

• Interlaced and non-interlaced Supported 

List: $595 

Allstar Microsystems Corp. 

13885 Alton Parkway, Irvine, CA 92718 • (714) 951-1884 


OO 

00 



Put the “Real Thing” in your 
older IBM PC or XT! 

The Transformer™ 286-12 
MHZ is a direct form, fit, and 
function, replacement board. 

Offered in two versions: 5 slots 
for PC’s, 8 slots for XT’s, plug 
compatible with all present PC/ 

XT cards, operating devices, 
power supply, controllers, 
drives, including keyboards. 

• Memory partitions: 512K • 

640K • 1 MB 

• OS/2, UNIX, Novell, and Token Ring Compatible 

• Norton SI: 1 WAIT-13.3 k 

• AWARD Bios with ROM setup i\ 

• ZYM0S/INTEL chip set 

• 6/12 MHZ, HW/SW selectable 

• 30 Day Money-Back Guarantee, 

1 yr. Warranty 

• $50.00 Trade-in On Old Board 


Made in USA 

Converts your old IBM PC or 
XT into a true 12 MHZ 16 BIT 
AT BUS system. 

Suggested Retail $495 


A LLBTAK 

K 'A 

FAX (714) 951-2897 • (800) 525-2860 


CIRCLE 265 ON READER SERVICE CARD 



PflftnilEl PORT 

for PS/2 



MODELS 50, 60, 80 

• LPT1, LPT2, LPT3 

• Optional Serial Port 

• OEM Pricing Available 

1-800-553-1170 


I QUA TECH 

I INCORPORATED 


478 E. Exchange St., Akron, OH 44304 
TEL: (216) 434-3154 FAX: (216) 434-1409 
TLX: 5101012726 


DYNA 386 30MHZ CACHE MOTHER 
BOARD WITH 64K INTELLIGENT 
HIGH SPEED CACHE. THE FASTEST 
386 BOARD ON THE OPEN MARKET. 


BENEFITS: 

FEATURE'S:- 

SI RATING (ver 4.0) 36.3 

SPEED TEST (ver 1.10) 49 

INTEL 80386-25 CPU 

DOS AND MS OS/1 COMPATIBLE 

64K CUSTOM MEMORY 
CACHE CONTROLLER 

GREAT FOR ENGINEERING WORK 

STATIONS 

10MHZ BUS SPEED 

UPGRADE YOUR AT™ 

UP TO 16MB OF 32 BIT 
MEMORY 

DEAL WITH A COMPANY 

THAT HAS 7 YEARS IN PC BOARDS 


FIVE 16 BIT SLOTS THREE 

WIDE RANGE OF BOARDS, SYSTEMS 
AND PERIPHERALS 

8 BIT SLOTS 

KNOWLEDGEABLE STAFF 

WEITEK 3187 SUPPORT 
80387 SUPPORT 

EXCELLENT SERVICE 


LEASING AVAILABLE 


FOR MORE INFORMATION ON DYNA’S FULL 
LINE OF MOTHER BOARDS, SYSTEMS, FAX 

MACHINES, PostScript® SOFTWARE OR 

PERIPHERALS CALL 408-943-0100 
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TMS 320 C25 
PC COPROCESSOR 
BOARD 


•40 MHz, 10 MIPS, Addressing 256K 

• 1 Clock 16 Bit Multiply 

• High Speed DSP, Graphics and 
Numerical Analysis 

• External User Bus for A/D & D/A 

• Monitor Debugger & C Utilities 

• Fractals, Rotations, & FFT Demos 

• Source code included 

$900 board & 32K 
$1100 board & 256K 
$150 TMS320C25 assembler 

SYMMETRIC RESEARCH 

15 Central Way, Suite 9, Kirkland, WA 98033 

206-828-6560 
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DISTRIBUTORS & 
DEALERS WANTED 

• For high performance 
SCSI host adapter 

• For Superfast ESDI to 
AT Bus 16 Bit controller 
with 15MB/s transfer rate 

Contact ITD Corp. 

Phone: 415-856-6686 
FAX: 415-856-0819 
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TECH 

MARKETPLACE . . . 

the comprehensive guide 
to products and services in 
the MS DOS market. 



Turn-key digital I/O. 

• 48 programmable 
8255 IC digital I/O ports 

• 6 Counter-timers (16 bit) 

• Selectable interrupts 

• Optional software in BASIC, 

C, and Turbo Pascal to save you days 60-Day 
of development time _ No-risk 

D-MAX 54 P I/O Counter Board $169 Return 

DIORES PLUS Software $125 

To order call Ask for a FREE Catalog of 

408 - 395-6600 Personal Computing Tools for 
FAX 408/354-4260 Scientists and Engineers. 

Personal Computing Tools, 17419 Farley Rd., Los Gatos, CA 95030 
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Communications 


Turn your IBM PC 
into a 3270 Coax 
Data Analyzer. 


FEATURES: 

■ Completely Passive 

■ Records up to 16 MB 

■ Function Keys, On-line Help 

■ Extensive Search Features 




■ Polls Compressed at Capture 

■ p sec Accurate Time Stamps 

OPTIONS: 

■ 3299 MPX, DFT, SNA 

■ Response Time Analyzer 

Azure 
CoaxScope 
$2,995.00 

14 Day Free Trial 
Evaluation 

(617) 520-3800 


Azlre 


TECHNOLOGIES 

38 Pond Street, Franklin, Massachusetts 02038 
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INTCRFflCC CARDS 
for PC/fiT and PS/2 


B 


COMMUNICATION 
DATA ACQUISITION 
& CONTROL 

FOR A FREE CATALOG CALL 

1-800-553-1170 


I QUATECH 

I INCORPORATED 


478 E. Exchange St., Akron, OH 44304 
TEL: (216) 434-3154 FAX: (216) 434-1409 
TLX: 5101012726 
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Companion allows you to 
add an extra keyboard and 
monitor up to 250’ from your 
PC system unit. 

Operates with Mono, CGA 
and EGA monitors on IBM 
PC/XT/AT computers and 
100% compatibles. 

DEALER PROGRAM AVAILABLE 
PRICES START AT $219.00 

CYBEX CORPORATION 

2800 H. Bob Wallace Ave. 

Huntsville, AL 35805 
(2051 534-0011 
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FREE 6' RS232 PC CABLE! 

Recieve a high quality RS232 cable for your 
IBM PC. There is no charge or obligation. 
FREE! FREE! FREE! Just send your name, com¬ 
pany name, address, and phone number to: 
.... Softronics, Inc 
.... 7899 Lexington Dr, Ste 210 
.... Colorado Springs, CO 80920 
.... Attn: Cables 

Limit: 1 per company, while supplies last. 


FAXBOARD $455 

• 9600 BPS 

MODEM 
INCLUDED 

• NO 
SEPERATE 

LINE NEEDED 

• PAPERLES! 

SECURITY 

BEYOND FAX $1177 

SEND VOICE,DATA & COLOR GRAPHIC 

SMART 8,16 PORT RS232 CARD 
FOR NETWORKING $700,$888. 

& PS/2 MODEL 80 VERSION. 
THESE ARE FEW OF OUR PRODUCTS 
ASK FOR LATEST CATALOGUE 

MAXTRON (818)350-5707 

1825A Durfee Ave., S. El Monte. CA91733 



Communications 




Al$ 




INC 


421 E. Palatine Rd. 
Palatine, IL 60067 


312 - 359-2626 


Link Inc: 


Multmhk 

Lanlink 
Lanlink 
Lanlink 
Lanlink 
AT Gizmo 
PC-Emulink™ 
PC-MOS™ single user 
PC-MOS™ five user 
PC-MOS™ 25 user 


Ivanced® 

5.0 starter kit 
5.0 satellite 
5X Server 
5X satellite 


$399 

$349 

$79 

195 

$85 

$259 

$135 

$135 

$425 

$650 


DJ^iboard 


__ ial boards: 

4S"4 port 16 bit I/O £335 

8S 8 port 16 bit I/O $525 

41 4 port Intell I/O w/256k p78 
81 8 port Intell I/O w/256k $836 
Call tor PS-2 I/O boards 
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Computer Systems 
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MITSUBISHI’S NEW LAPTOP LEADER 
AT A COST THAT WILL SET YOU FREE. 

Due to popular demand, the cost of 
freedom has just been slashed. 


Larson Systems International proudly announces a new lower 
price on the Mitsubishi MP286L Laptop computer 

• 11-inch cold cathode black on white/or reverse screen for readabilit 
• Assembled in U.S.A. for durability. 

• Full 1-yearmanufacturer's warranty 
Limited time only— free EASY AIM' 
hard disk manager with DOS shell 
and security functions. 

LAPTOP OPTIONS 

Dual 1.44 MB floppy drives, 
or 20 MB hard drive and 1 floppy 
(all mp286L options available) 



SUGG. RET. 

$3,195 $2,345 
$3,995 $2,645 



Larson 

V^Sustems ORDER TODAY! 

llb r/\i i jni I -FRFF- 

^ INTERNATIONAL INC. Ly/TL-L / UL-t- / /ILL. 

i-ann-w- iqq 1 ) 

80X193 STORY CITY, IOWA 50248 FAX ORDERS: 515 733 2508 
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Computer Systems Peripherals 


IBM PS/2's 

Up to 41% off! 

__ Retail Your Cost 

MODEL 50-386 (New) $Call 
MODEL 60-041 5,295 3,395 

MODEL 60-071 6,295 3,850 

MODEL 80-041 6,995 4,395 

MODEL 80-071 8,495 4,995 

MODEL 80-111 10,995 7,895 

MODEL 80-311 13,995 9,995 

American Micro Computer Center 
2890 Gridin Road - Suite # 4 
Ft. Lauderdale, FL 33312 

(305)985-9406 
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Peripherals 


“NOBODY” 

We asked our customers 
to tell us who had 
LOWER PRICES 
than we do. 

They told us! 

We lead the industry both in 
price and quality in V 2 ” 9-track 
tape drive subsystems to transfer 
information between mainframes 
and PC/XT/AT, PS2. 

• EBCDIC-ASCII Conversion 

• Tape backup/volume data stg. 

• Speeds up to 7 Meg/min. 

• Select & reject specific fields 

• 800/1600/6250 BPI 

• Drives from Anritsu, Cipher, 
Qualstar and M4 Data 

Dealer & Volume Discounts 

f FLAGSTAFF 
_ENGINEERING 

1120 Kaibab Lane • Flagstaff, AZ 86001 
(602) 779-3341 • Telex 705609 
FAX (602) 779-5998 
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SPEECH SYNTHESIS 

SynPhonix: TRUE Unlimited Speech Synthesizer 
for IBM-PC/XT/AT/jr & compatibles. This low 
power short card includes an SSi263 speech chip, 
amplifier and speaker. Software includes Text-to- 
Speech, Phonetic Editor, Talking Clock & demos. 
Can be programmed with BASIC and other lan¬ 
guages. Prices start below $200. 

S ynPhonix 

Electronic Speech Articulator 

Artie Technologies 
55 Park St., Suite 2 
Troy, Ml 48083 
(313) 588-7370 


SPEECH PRODUCTS 

For PCs and compatibles 


SYNTHESIZER—only $79.95 

The next versatile and best sounding speech pro¬ 
duct available for under $4000! The amazing 
Speech Thing provides text-to-speech as well as 
PCM and ADPCM speech and music reproduc¬ 
tion. Comes with "Thing” D/A converter that 
attaches to the parallel printer port outside the 
computer—ideal for laptops. Will not interfere 
with normal printer operation. Also comes with 
audio amplifier/speaker and power adapter. 

Software includes two advanced text-to-speech 
programs, digitized speech and music files, full screen waveform editor, sampling music key¬ 
board. special effects mixing board, and drivers so you can add speech and sound effects to pro¬ 
grams written in BASIC, C, PASCAL, and others. Includes 54 page manual. SPEECH 
THING—$79.95. 

DIGITIZER-only $89.95 

The Voice Master PC Digitizer is a full 8-bit PCM 
sampler board. Fits in any available slot. Up to 
15,000 samples per second. Input pre-amp has 
automatic gain control and 4.5 Khz low pass filter. 

Includes a quality headset microphone. Software in¬ 
cluded for recording and editing sound files for 
playback through Speech Thing. Also includes a 
real-time spectrum display and oscilloscope display 
as well as assembly language source listings for 
writing your own drivers. BONUS: Voice recognition 
program included which is callable via an interrupt 

vector. Demonstration program written in GWBASIC. VOICE MASTER PC DIGITIZER—S89.95. 

VOICE RECOGNITION— 

$49.95 

A price/performance break-through! Equal in performance to 
other systems costing hundreds more $$$. The amazing Voice 
Master Key program adds voice recognition to just about any pro¬ 
gram or application. You can voice command up to 256 keyboard 
macros. Fully TSR and occupies less than 64K. Instant response 
time and high recognition accuracy. Easy and fun to use—no compilers or editors required. Works 
with CAD, desktop publishing, word processor, spread sheet, even other TSR programs. A 
genuine productivity enhancer. Voice Master Key can also be called from within a program for ad¬ 
ding voice recognition to custom applications. Voice Master Key requires the Voice Master PC Digi¬ 
tizer for operation. (Please note: Voice Master Key will not replace the keyboard or mouse except 
under certain circumstances. Not to be confused with the still unavailable "voice typewriter.") 
VOICE MASTER KEY-$49.95. 

BONUS OFFER! Buy Voice Master Key with PC Digitizer for only $129.95-you save $10! 

BETTER BONUS OFFER! Buy all three: Speech Thing, PC Digitizer, and Voice Mister Key for only 
$189.95—you save $20! 

ALL OF THESE PRODUCTS ARE OF PROFESSIONAL QUALITY. 
ORDER HOTLINE: (503) 342-1271 
Monday-Friday, 8 AM to 5 PM Pacific Time 

Add $5 for shipping and handling on all orders. Add an additional $3 for 2nd day delivery. All goods 
shipped UPS. Master Card and VISA, money order, cashiers check or personal checks accepted 
(allow a 3 week shipping delay when paying by personal check). Foreign inquiries contact Covox 
for C&F price quotes. Specify computer type when ordering. 30 DAY MONEY BACK GUARANTEE IF 
NOT COMPLETELY SATISFIED. ONE YEAR WARRANTY ON HARDWARE. 

Call or write for FREE product catalog. 


COVOX iNC. 

675-D Conger Street, Eugene, OR 97402 

Telex 70601 7 (AV ALARM UD) 

TEL: 503-342-1271 FAX: 503-342-1283 
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FastTRAP™ 


The pointing device of the future is here! 



• Two and three axis pointing capability 

• High resolution trackball for X and Y axis input 

• High resolution fingerwheel for Z axis input 

• Use with IBM® PCs, XT’s, AT's and compatibles 

• Three input buttons 

• Full hardware emulation of Microsoft® Mouse 

• Standard RS-232 serial interface 

• Includes graphics drivers and menu generator 

• Easy installation 

• 1 year warranty 

• Made in the U.S.A. 


ONLY 

$149.00 

VISA and 
MasterCard 
accepted 


LTS/C Corp. 

319 South Limestone Street 
Lexington, Kentucky 40508 
(606) 233-4156 
(800) 872-7279 


3-D TRACKBALL FOR IBM 
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CREATE A DISKLESS PC! 

PC-ROMDRIVE allows users to create a "Diskless 
PC" capable of booting a ROM-resident copy of 
MS-DOS and/or user application programs. PC- 
ROMDRIVE consists of a PC-compatible ROM/ 
PROM expansion board and the PC-ROMDRIVE 
software. PC-ROMDRIVE is priced at $195 for 
single units. Quantity discounts and OEM ar¬ 
rangements available. MC/VISA 
ALDIA SYSTEMS, Inc. 

P.0. Box 37634 
Phoenix, Az. 85069 
(602) 866-1786 


Software 


Business 


LOOKING FOR SOFTWARE? 

Can't find the right software for your needs? 
Look no further. We can get you anything from 
Educational and Business applications to ad¬ 
vanced Programmer’s Tools, all at discounted 
prices. Customized and standard software. No 
additional fees. For micros, minis and main¬ 
frames. Call for more information. 

Volta Info Systems 

2200 North Lake Parkway, Suite 240 

Tucker, GA 30084 

(404) 938-9358, TELEX 446903 VOLTA USA 


Communications 


Bi-Directional File X-Fer 

Multi-Corn telecommunications offers: 
‘Simultaneous Downloading/Uploading 
‘Send/Receive Messages During File X-fers 
*100% Line Use During Multi-Fite Transfers 
‘Uses Full Duplex ADLC Protocol 
‘More Efficient Than Xmodem, Kermit etc. 
‘Saves Time and Cuts Connect Costs 
Information and Demo Disk. .$5.00 + $3s/h 
Program Package 3 Yi & 5M $49.95 + $4s/h 
Multiplex Systems 
P.0. Box 16174 
Pittsburgh, PA 15242 
(412) 276-3374 24 Hrs. 
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Communications Languages 



SeriaM 

Serial data analysis on your PC. 

Source and monitor modes; data- 
scope and breakout box; ASCII 
and EBCDIC; trigger processing, 
live data display, adjustable buf¬ 
fer size. Custom cabling included. 

800 562-8378 

Advanced Computer Consulting, Inc. 
700 Harris Street, Suite 101 
Charlottesville, Virginia 22901 
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Engineering 


BASIC to C 

BASC.C v3.2 accepts BASICA, Quick BASIC, 
CBASIC86 and most other BASICS by adding 
new statements and functions (Language Ex¬ 
tender). Generates structured, indented, scoped 
MS/Turbo/Lattice/Aztec C. All memory models 
and compile options are supported. C source 
code (Runtime Library) is included. Runs on 
MS/DOS, XENIX, UNIX. Demo disk. From $199. 
GOTOLESS CONVERSION 
P.0. Box 835910 
Richardson, TX 75083 
(214) 404-1404 

ONLINE JCL! 

Reference IBM OS and VS Job Control Lan¬ 
guage online via an interactive JCL Manual! 
Self paced instruction! Nearly 250 Keywords 
and Acronyms. 300 Pages and Screens! Basic 
and Advanced Techniques with Workshops. 
NEW! Two Diskette Drives or a Hard Disk 
required. IBM PC and Compatibles. $49. 

DP Educational 
6144 Sun Pattern Trail 
Fairfax Station, VA 22039 


Networking 


DATA ENGINEERING GLOSSARY 

Researchers, Educators, Engineers, Program¬ 
mers, Managers, etc. Whether you are into 
Computers, Robotics, CIM, CAD/CAM: Now 
there is a glossary that can help. DATA ENGI¬ 
NEERING GLOSSARY over 5,000 entries and 
definitions. 3 disk package for just $49.95 plus 
$4 S/H. 5/4 or 3 Vi disks. Visa/MC accepted. 
AAA DATA Engineering 
P.0. Box 202 

Sugar Grove, IL 60554-0202 
(312) 897-6600 or FAX (312) 897-0024 


Graphics 


FORTRAN Graphics Libraries 

Now! 3 scientific graphics packages to support 
MS FORTRAN/Pascal, R-M or Lahey FOR¬ 
TRAN. GRAFMATIC (screen), PLOTMATIC 
(HPGL, H-l plotter) & PRINTMATIC (Laser & 
dot-matrix printer). All fully documented. Com¬ 
plete graphics primitives, 2-D plots, 3-D plots 
and solid models. $135 each, 2 for $240, all 3 
only $340. Call or write for info. 
Microcompatibles, Inc. 

301 Prelude Drive Dept. J 
Silver Spring, MD 20901 
(301) 593-0683 

35mm SLIDE FROM YOUR PC 

COMPUTER SLIDE EXPRESS converts graphic 
files produced on the IBM PC into brilliant 35mm 
color slides with color resolution 400% better 
than your monitor. Leave your printouts behind. 
Use high resolution color slides up to 4000 line. 
COMPUTER SLIDE EXPRESS $9/slide. 

VISUAL HORIZONS 
180 Metro Park 
Rochester, NY 14623 
(716) 424-5300 


KEYCARD 

ELIMINATOR. 


NOVELL ADVANCED NETWARE ® 
2.0a & 2.1 

. KEYCARD FAILURE? 
NEED TRUE SFT? 
SLOTBOUND? 
FAST CPU? 

$ggOO UPS Blue 



Made inUSA 

N8S DEALERS AND U 


CALL FOR DEALER PRICING 


BOEING OREXEL BURNHAM TENNECO 

BORLAND INT L ENTRE U S GOV'T 

BUSINESSLAND MICROAGE UCLA 

COMPAQ MOBIL UNIV OF UTAH 

CONOCO OKIDATA - 


WESTERN OIGITAL 


JIBS. 


NETWORK BUSINESS SYSTEMS 

1300 Woodhollow. Suite 5601. Houston. TX 77057 
(71J) 761-9266 <713) 763-4457 
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NETWORK CONTROL LIBRARIES 

NETWORK INTERFACE allows file sharing and 
redirection through DOS functions. $99. NET¬ 
BIOS ROUTINES allows access to low-level 
network functions. Name, session & datagram 
routines. Wait and no-wait options. $199. NET¬ 
WORK MASTER provides access to Netware 
internal functions. Complete control of your 
network from your compiled programs. 

.Starlight Software. 

.2821 Central Street. 

.Evanston, IL 60201. 

.(312) 864-9370. 


Tech Marketplace... 

Second Color Option 
Available 

Call (212) 503-5115 or 
(800) 825-4ADS 

For More Information 


Operating Systems 



KADAKs 

^ engineers bring years 

ol practical real-time experience 
i over 600 installations world-wide 

This real time 
MULTITASKING KERNEL 
simplifies real life 
product development 

■ No royalties 

■ IBM PC DOS® support 

■ C. PliM, Pascal 

■ Preemptive scheduler 

■ Time slicing if needed 

■ Intertask messages 

■ Dynamic operations 

- task create/delete 

- task priorities 

- memory allocation 

■ Event Manager 

■ Semaphore Manager 

■ Essential source code included 

Demo package $25 US (Shipping/handling extra) 
Manual only $75 US Also available tor 

AMX86 system $2195 US 8080. ZBO. 68000 

Full source Add $805 US 
AMX86" r 2.0 tor 0086/88, 80186/88, 80286 ayatema 

41KADAK Products Ltd. 

206- 1847 W. Broadway 
Vancouver, B.C. Canada V6J 1Y5 
Telex: 04-55670 
Fax: (604) 734-8114 
^Telephone: (604) 734-2796 ^ 
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Programmers Tools 


‘C’ DOCUMENTATION TOOLS 


* C-CALL ($39) creates a graphic-tree of 
the caller/called structures, and creates 
a files-vs-procedures table of contents. 

* C-HDR ($39) create/insert/update 
header for each procedure showing 
caller/called and local/global/ 
parameter identifiers. 

* C-LIST ($29) lists and action-diagrams, 
or reformats (incl. comment alignment). 

* C-REF ($29) gives cross-reference of 
local/global/parameter identifiers. 

* SPECIAL!! All for $99 (30-day guaran¬ 
tee) plus FREE integrated C-DOC 
program. 


SOFTWARE BLACKSMITHS INC. 
6064 St Ives Way, 

Mississauga, ONT, Canada. L5N-4M1 
(416) 858-4466 
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TRANSLATE BASIC TO PASCAL 

P-TRAL, will convert your MS BASIC 
programs to Turbo Pascal. It reads the 
BASIC source code to produce Pascal 
source. It steps you through the 
translation process. "... easier to use 
than other BASIC-to-Pascal 
translators. . the code P- Tral generates 
is somewhat cleaner than others..." 

Micro Systems Journal, June 1988 
For SI 79 00. it comes with complete 
documentation and tutorial Requires 
MS or PC- DOS version 2.0 or later 

WOODCHUCK INDUSTRIES, INC. 

340 WEST 17 STREET Ste 2B 
NY. NY 10011 • (212) 206-6490/924-05/6 
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Programmers Tools 


ROM Microsoft-C 


One integrated package for ROM 
development with Microsoft-C® 
The package has full Source 
level remote debugger (locals, 
register variables), 8086 locator 
that produces Intel hex, Absolute 
OMF (with locals and Basic 
types). Startup code and 
ROMabte library (printf). 

Calf us for complete information. 



17505 - 68th Ave. N.E, #304 
Bothell, WA 98011 USA 
(206)486-8086 
1 (800) 221-6630 


BIOS: 


SOURCE 
=C0DE 

The XT BiosKit is a 270 page book with a diskette 
containing source code in C, plus utility programs 
to help you create a Bios. Now you can have a 
Bios with documentation for your own applica¬ 
tions: modify boot-up, eliminate the keyboard, 
install security features, etc. Only $99 complete. 
The AT BiosKit is only $199. or get both Bioskits 
for $279. 

— XT-AT HANDBOOK- 

The XT-AT Handbook is full of hardware and 
software information in a shirt pocket size book 
Over 70 pages covering 38 subjects, including 
connectors, 1/0 maps, controller programming, 
DOS and DEBUG commands, board dimensions, 
character codes, hard disk drive types, and 
much more. Only $9.95 each qty 1-4, five or 
more, $5 each. 

Annabooks BE mm 

12145 Alta Carmel Ct. 250, Suite 262 
San Diego, California 92128 

(619) 271-9526 
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SCREEN MANAGER 


MENU, WINDOW, and DATA 
ENTRY Support for the Profes¬ 
sional Programmer! Interfaces 
to most languages. BASIC, C, 
FORTRAN, COBOL, PASCAL, 
ASSEMBLER. 100 Page Manu¬ 
al. Thirty day money back 
guarantee. No Royalties. 

from The West Chester Group 
MA P.0. Box 1304 

#51 West Chester - Pa 19380 

VISA/MC (215) 644-4206 


CALL FOR FREE DEMO 
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Programmers Tools 


Opt-Tech Sort/Merge™ 


The High Performance, High Quality, Sort/Merge utility. 
Use as a stand-alone routine or Call as a subroutine to 
over 30 languages. Unlimited filesize, multiple keys, 
record selection, and much more! MS-DOS $149. 

To Order or for more Information, Call or Write. 

Opt-Tech Data Processing (702) 588-3737 

^^o^78/ZephyMjoveJNU94^ 


iTHEMSSMUNKer 


FIRMWARE DEVELOPMENT TOOLS for 

MICROSOFT’ C 



LINK & LOCATE++ 

SUPPORTS iAPX 86/87/186 


MICROSOFT* 


1 


Downloads to 
IN-Circuit Emulators with 
INTEL™ OMF or 
SoftProbe™ II Target Debugger 


Includes... 

• Start Up Files 

• Linker 
Locator 


L 


3 


ROMABLE 

CODE 


Library Support with Floating Point Operation 
COMPLETE Microsoft™ C Debugging Information 


All This PLUS 

Other Fine Products from. 


SYSTEMS & SOFTWARE, Inc. 


3303 Harbor Blvd. • C-ll 
Costa Mesa, CA 92626 

714/241-8650 


H 




FREE 

PRODUCT CATALOG 
AND DIGEST... 
WRITING 
ROMABLE 
CODE 
USING 
MICROSOFT C 
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PROTEUS: PR0T0TYPE/DEM0 SYSTEM 


NEW VERSION! $99 
Proteus 4.0 now supports data entry fields, branch on match and 
range, video effects, custom sound and much more. Export Proteus 
screens and forms to popular interface management systems. Still with the best text 
drawing package on the market and a friendly Borland-style interface. Find out why 
designers agree Proteus is the system that's "Better than Bricklin." 

Phone orders: (800) 634-9986 

No royalties 

30-day Money Back Guarantee 

MC/VISA/C0D/P0 accepted. Helios Software • P.0. Box 22869 • Seattle, WA 98122 
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WORKING WITH ANY OF THESE? 



Get More Power and Flexibility with 

C-EDIT 1.25 

Current users find C-EDIT 1.25 to be the only editor needed under the above listed 
environments. The savings in time, ease of making the transition from one operating 
system to another makes the installation of C-EDIT 1.25 worth the time and money. 

C-EDIT 1.25 has been fully beta-tested at two major defense facilities and has 
received high marks. 


Here are some of the features that make C-EDIT 1.25 the most comprehensive and 
easy to use editor on the market today. 


Main Features 

• Easy to install 

• Easy to follow documentation 

• Same keyboard operations 

• Block, line, word or char¬ 

used for DOS and UNIX 

acter move, copy and delete 

Basic Features 

• Edit more than one file at 

• Undo command 

a time 

• Multiple windows 


For all of its features, C-EDIT 1.25 is priced 
at the surprisingly low price of. 


$ 395.00 


A demo disc is available at $12.50 with full credit towards purchase. 


WISE PORT DATA SYSTEMS 


3176 Pullman Street #106 
Costa Mesa, CA 92626 
714/556-6521 


Trademarks are as follows: 
PCDOS, OS/2 - IBM Corp. 
UNIX - AT & T Corp. 
MSDOS - Microsoft Corp. 
AU/X - Apple Computer Corp. 
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PC TECH JOURNAL 
MARKETPLACE is a 

special economical 
section for product and 
service listings. 

Listings are grouped by 
category and sold by 
column inches. 

Second color option 
available. 

Standard Directory 
Listings are also available 
for a minimum of 3 issues 
at $220 per issue 
($660 total). 

For More Information 
Call (212) 503-5115 or 
(800) 825-4ADS 


SOURCER 


Commenting Disassembler 

Creates detailed commented source code 
and listings from memory, .COM files or .EXE 
files directly suitable for assembly. Built in 
data analyzer and simulator resolves multi¬ 
ple data segments and provides detailed 
comments on interrupts and subfunctions, 
I/O ports and much more. Outstanding 
review in PC Magazine 4/26/88 page 46. 


BIOS SOURCE 


PS/2 ■ AT ■ XT ■ PC ■ Clones 

The BIOS Pre-Processor to SOURCER 
provides the first means to obtain accurate 
legal source listings for any bios! Identifies 
entry points with full explanations. Provides 
highly descriptive data labels such as “video 
_mode” and much more. Fully Automatic. 


SOURCER $ 99.95 

SOURCER w/BIOS Pre-Processor $139.95 


(Shipping S3, outside USA $15. CA Res. add tax) 
To order or receive information just call! 

1-800-662-8266 

V COMMUNICATIONS 

3031 Tisch Way. Suite 905. Dept. T 
San lose. CA 95128 • (408) 296-4224 

PS/2, AT. XT. PC are trademarks of IBM Corp. 
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Programmers Tools 



Attn: Systems Developers... 



... dynamically link exact terminal emulation to 
your existing software. Every keystroke, every video 
presentation, every printer function is reproduced 
exactly. Written in assembler, it conserves memory and 
delivers unparalleled performance. 

Add Terminal Emulation to: 

• Communications Software 

• TCP/IP & X.25 Gateways, etc. 

• LAN Environments 

• INT 14 Communications Redirectors 

• Custom Applications 

Migrate your host software to micros . . . 

. . . without modifying keyboard and screen handling code. 
Application programs read the PC keyboard and write the 
PC screen, through Add-a-terminal®, just like the real 
terminal. 

Over 50 Terminal Emulations to choose! 
Including: DEC, Data General, ADDS, Datapoint, 
Hazeltine, Hewlett-Packard, Honeywell, IBM, Lear-Siegler, 
Perkin-Elmer, Prime, Televideo, TI, Wyse, and More. 
Custom emulations available. 

ECONOMICAL VOLUME A BUNDLING PRICING AVAILABLE! 

1 - 800 - 225-8590 

SOFIDONICS 719/593-9540 FAX: 719/548-1878 TELEX: 450236 
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SORTING! 

Since 1978, serious developers have opted for COSORT. 

COSORT can run FIVE times faster and is 
MUCH more flexible than its closest competitors: 

• ANY number of files, keys, records and disk drives 

• Comprehensive C interface for all memory models 

• "Excellent speed and ease-of-use" - PC Magazine 

• Operator interrupt handling and on-line help 

• Reduced or eliminated I/O operations 

• Standalone interactive and batch (no logo) modes 

• Subroutine or coroutine calls from ALL languages 

• Truly unlimited selection and comparisons 

• Work in your own language, not in a cryptic code 

HERE is the better'sort/merge software. COSORT. 

In MS-DOS/XENIX/UNIX from Information Resources, Box W, 
Manhasset, NY 11030 . 516 - 365 - 7629 . circle 296 on reader service card 


ROM DEVELOPMENT TOOLS 


Link MS-DOS and Intel object files to ROMable code. GeneLink 
permits independent placement of each program segment for 
complete flexibility in memory layout. GeneLink links directly 
from object files to HEX or other formats, and is five to ten times 
faster than other locating tools. 

Genesis has been a major supplier of ROM development 
tools to major industrial customers like IBM and Boeing for over 
five years. You can count on Genesis to provide reliable, fast 
tools and excellent support. 

Genesis Microsystems Corporation 
196 Castro St., Mountain View, CA 94041 

Call: (415) 964-9001; TX: 4998093 GENMS Ul 


< 


Genesis 

Microsystems 
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ATTENTION DEVELOPERS 


Now you can reduce your development time and improve the qual¬ 
ity of your applications with JAM. Create and link together 
screens, pop-up windows, and menus—all without code. Features 
include: context-sensitive help, shifting and scrolling fields, exten¬ 
sive data validations, testing, plus much more. 

Key Benefits: 

► Extremely portable 

► Available for most computers, operating systems 
and languages 

► Unmatched power and flexibility 

► Permits access to a variety of database products 

► Toll-free technical support hot-line 

Call today for more information and price quotes. 


1 (800) 458-3313 11 , orr 

In NY State, (212) 261-1122 J l/ f 

Fax No. (212) 608-6753 ^ mJ 9 

Excellence in Systems & Application Design 
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One-stop ROM Shop 


When your application calls for ROM support, 
contact the professionals at ALDIA SYSTEMS. 
We’ve been supporting firmware developers for 
over two years with excellent software develop¬ 
ment tools and technical support. Don’t settle 
for imitations, call the company who brought you 
PC-LOCATE, the original PC locator. 


PC-LOCATE: Produce ROM-able code from 
your ".EXE" files. PC-LOCATE assigns physical 
addresses to the re-locatable image based on 
user inputs. PC-LOCATE support the entire Intel 
processor family including : 8086, 8088,80186, 
80188 and 80286. 

PC-PROMPAK: A PROM/ROM expansion 
board for IBM and IBM-compatible computers. 
PC-PROMPAK provides up to 384Kbytes of 
non-volatile expansion memory and supports 
most 28-pin JEDEC devices including EPROMS, 
EEPROMS and Static RAMs. 

PC-ROMDRIVE: Create a "Diskless PC" that 
can include MS-DOS and your application pro¬ 
gram. "Autoexec.bat" files are supported for 
automatic program execution. 


= ALDIA SYSTEMS, Inc. = 
P.O.Box 37634 Phoenix, Az. 85069 
(602) 866-1786 
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1:30 



1 V, 

0:41 




for Version Control 

PC Tech Journal says... 
0:19 0:09 


SRMS : “32 PVCS™ TUB™ 3.0 TLIB™4.0 


Times are lo update a 45K library on a PC/XT. PVCS and TUB 3.0 are 
from Sept 87 PC Tech Journal. SRMS and TUB 4.0 are later versions. 


TUB- is FASTEST! 

"TUB is a great system" PC Tech Journal, March 88 
“TUB...has my highest recommendation." Ronny 
Richardson, Computer Shopper, August 87 
“If you’ve been putting off getting a revision control 
system, you no longer have an excuse." The C 
Users Journal, February 88 


• A Full-Featured System for Software Professionals 

Branching, for parallel development. Check-in/out locking. 
Keywords. Wildcard and list-of-file support; creates lists by 
scanning source code for includes. Can merge (reconcile) 
multiple simultaneous changes and undo intermediate 
revisions. Network and IBM 3363 optical disk support. 

MS-DOS 2.x & 3.x Just $99.95 + $5 S/h Visa/MC 
5 station LAN license $299.95 + $5 s/h 
call for pricing on other network sizes 

BURTON SYSTEMS SOFTWARE 

PO Box 4156, Cary, NC 27519 (919) 856-0475 
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Programmers Tools 


The Ultimate Data Manager 



S 


It 

Speaks 

Your 

Language! 


vity 


BASIC • COBOL • C • FORTR 

A New Standard in Acc< 

AXOS is a full featured, key-indexed fil 
with any programming language, in 
ments on the IBM PC PS/2 and compal 
language through a common commui 
manipulate data in a manner not pi 
systems. AXOS also offers a full com] 
management functio 
accurate development aTT 
FEATURES 

• SECURITY: LAN com pu ter/| 
and File I/O functions b y qomi 

•AUDIT: Complete or 
all AXOS activity, available online or 
hardcopy 

• INTERACTIVE MONITOR: Instantal 
interactive monitoring of AXOS activity 
program is executing 

• FILE CONVERSION: Converts man 
of files to AXOS format 

• FILE LIST: Produces a formatted report. 

AXOS file contents 

• DATA INTEGRITY: Ensures full data 
integrity in the event of a program, systi 
power failure 

• RECORD ENCRYPTION AND COMPRESSIO! 

• PROGRAM INVOKED ERROR ROl 
For processing unexpected I/O return codes 

Come To Grips With The Power Of AXOS 

Q (b ^ q Includes 30 days free technical support 
'^"“ l Extended technical support available 

And there are no royalties on your AXOS applications! 

incorporated^ ™ TO ORDER CALL (404) 237-4169 

AMEX/COD/MC/V 1 SA P.O.Box 12044 • Atlanta, G A 30355-2044 
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ASCAL • ASSEMBLER 

Technology 

lent system that can be used 
r multi-user LAN environ- 
L)S can be called from any 
'otocol, it allows programs to 
other access methods or DBMS 
if file managment functions, system 
to ensure easy and 
Iication systems. 
£IFICATIONS 

irted: 

ED BASIC COBOL 
ASCAL ASSEMBLER 
Area Networks Supported: 

) PC NET AT&T® StarLAN 

lorn® 3+Share Novell® Netware 

Types Supported: Sequential, Single 
idex, Multi Index (cluster) 
mm Indexes: 64 per file 
tfmum Key Length: 240 bytes 
236 for non-unique keys 
iaximum Record Size: 64,000 bytes 
imum Records Per File: 16,777,216 
Tile Capacity: 4.2 billion bytes 
Iaximum Files & Indexes 
Allowed Open at One Time: 253 
lerating System Requirements: 

•S 2.1 or above, 128 - 256KB of memory 




ICON-TOOLS tm . . . from Ithaca Street Software, Inc. 
Powerful, full-featured editor. Icon capture program- 
clip icons from .IMG, .PCX, art files. Function library in 
C with full source code. Use with Turbo C BGI graphics, 

Quick C graphics, MetaWINDOWS. Essential Graphics. GFX. 

Only $69.95. and worth every cent! Money-back guarantee. 

1145 Ithaca Drive, Boulder, CO 80303 
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( 303 ) 494-8865 


HIGH PERFORMANCE WINDOWS 


SCREENMANAGER 

PROFESSIONAL 

• All source code included (100% machine code) 

• Unlimited number of windows 

• EGA. CGA. MGA support 

• Write using direct video or BIOS access 

• Fuzz and Ricker eliminated 

• Drag windows around the screen 

• Full support for overtapped windows 

• Pull-down and Lotus type menus 

• Royalty free! 

• Many more features packed in over 80 
functions 

The Screen Manager Professional is a state-of- 
the-art windowing facility. Save time, money, and 
aggravation without a sacrifice in quality. Powerful 
enough for the toughest application yet so easy 
to use that now even beginning programmers can 
create clean, professional looking programs. 

Amazing Speed! Incredible Price! $129.95 


LOGICAL ALTERNATIVES INCORPORATED 
PO BOX 10674, State College, PA 16805 
(814) 234-8088 Demo Available 
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C & MASM — DOS & OS/2 


VersiMAKE™ 

A full-featured MAKE utility that derives 
your system’s dependencies through 
analysis of your C & MASM source files. No 
more MAKE dependency files to maintain! 


VersiCREF™ 

A unique utility that creates a sorted Master 
Cross-Reference of your entire system. 
Handles 100+ C and MASM source files. 
Full X-Ref or just PUBLIC symbols. 


VersiMAKE™ 

VersiCREF™ 

Both 


$125 

$75 

$150 


800 - 334-4096 

(In NJ, 609-871-0202) 
MC/VISA/AMEX 


Free 

Demo 

Disk 


SUMMIT INFORMATION SYSTEMS, INC. 

r 73 East Lane, Willingboro, NJ 08046 circle 380 ON reader service card 


TOOLS FOR MS WINDOWS 
& PRESENTATION MANAGER 

For accounling or other networked multifile 
applications. Speed development! Save 
months! Four modules: graphical file mainte¬ 
nance, start up (password etc.), help and report. 
Must have SDK. Source available. No royalties. 
MW Tools $995, PM Tools $1495. 

The Software Factory 
Gainsville, FL 
904-376-8370 

CALLABLE WORD PROCESSOR 

A Word processing capabilities are now avail¬ 
able from within applications. By specifying a 
row and column on the screen, developers can 
edit files from within any environment (C, 
dBase, Pascal, etc.). Features include, cut/ 
paste, word wrap, margins, and word search. 
$59. Add $20 for C source. 

Wilson Software 
3600 Dorshire Court 
Pasadena, MD 21122 
(301) 255-5717 


LyBTREE—B-tree TOOLBOX 

A compact and extensively tested algorithm. 
LyBtree provides all necessary documentation 
and examples. Easy, high level interface with all 
required libraries for a quick and seamless 
installation. $150 source code included. Man¬ 
ual only $20, REFUNDABLE. MC/VISA. 
Labyrinth Systems, Inc. 

30 Buxton Farm Rd. 

Stamford, CT 06905 
(203) 322-5800 

BTRIEVE™ BTRIEVE™ BTRIEVE™ 

If you use Btrieve, you must have BUTILITY. 
BUTILITY is the only way to edit and create 
Btrieve files (ver 4.0 and up). Stop wasting time 
writing those utility programs! Use QB 4.0 look 
and feel editor to perform all operations, edit the 
date buffer, edit actual key values, search and 
replace, and much, much more. Only 
$89.95 +$5 S&H. MC VISA or COD. 
SMITHWARE, Inc. 

3600 Hillsboro Pike Suite B-13 
Nashville, TN 37215 
(615) 297-4876 
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Programmers Tools 


Public Domain 


Security Devices 


REVERSE 

ENGINEERING TOOL 




♦ Force software to 
> reveal secrets! 

J\ INTERCEPTED 
_ _ _ /y RECORDER 
JMpJ records requests to 

££ijf DOS and BIOS and 

gives a full report. Completely 
invisible. 

Only post paid. 

JACKSON SOFTWARE 

P.O. Box 9317, M.S. 10, Baltimore MD 21228 
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Get Inside 

Your Program Today! 

Analyze and improve your program . .. 
function by function! Inside follows your 
program through execution counts, 
minimum, maximum, and total elapsed 
times with microsecond accuracy! 


$ 


7*Q0 

| ^fEach 


Inside! TufboC 
Inside! Turbo Pascal 
Inside! Quick C 
Inside! Quick Basic 
Inside! Microsoft Pascal 
Inside! Microsoft Fortran 
Inside! Lattice C 
Inside! Logitech Modiia-2 

Visa/Mastercard Accepted 

(800)537-5043 

Paradigm Systems 

PQ Box 152 Milford. MA 01757 
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ROM YOUR “.EXE” 


EXELOC v3.0 creates rommable files for 
8088/8086 based systems from MS-DOS "£XE” 
files. 

Version 3.0 allows full control of segment 
locations. 

Supports initialized data segments. 

Creates binary or INTEL HEX-ASCII files. 

Run EXELOC in batch or menu mode. 

EXELOC is what you need for: 

CASH REGISTERS 
ROBOTICS 

INDUSTRIAL CONTROLLERS 
BIOS DEVELOPMENT 
DISKLESS WORKSTATIONS 
... OR ANY FIRMWARE 
Very fast. 

Only $79.95 US. plus $3 s/h. CHK/MO. 
VIRTUAL SOFTWARE 
150 Alton Towers Circle, Suite 605 
Scarborough, Ontario, Canada 
(416) 754-0711 
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Introducing SpecWriterw 

^Now you can use SpecWriter to design system components utilizing 
• Screen Painting • Screen Prototyping • Report Painting 
Report Prototyping • Layout Development • Word Processing 
w Create complete Functional Specifications easily using this innovative, non-procedural 
micro package Supports variable sized screens and reports. MICRO and 3270 types 

ORDER TODAY OR CALL FOR YOUR FREE DEMO DISK 
TOLL FREE f-800-541-2071 (Outside California) • 1-619-560-1414 (Inside California) 

$345 * $5 Shipping & Handling VISA-MC-Checks Accepted 
Accelerated Systems. Inc. • 495 1 Clairemont Square. Suite 298. San Diego. CA 92117 
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ARRAY SUBROUTINES 

Faster development and execution, 174 as¬ 
sembled routines for interpreted or compiled 
BASIC, Assembler, Pascal. Sort, grade, rese¬ 
quence, expand, locate, compare, etc for float¬ 
ing point, integer, and string variables; and add, 
and, rotate, shift, xor, etc for logical (binary) 
vectors, $49.99. 

.uniSON Software. 

.Box 2033. 

.Moose Jaw, Sask. S6H-7N7. 

.Canada, (306)-694-0072. 


—OS/2 T00LS-0S/2 TOOLS— 

Save precious time and effort on your OS/2 and 
DOS development. Our Libraries contain Util¬ 
ities including: file, screen, keyboard, window, 
string functions and more. Includes OS/2 head¬ 
er files! All fully documented and supported. 
Also great Screen and Menu editor $39. Libs: 
OS/2 version $99; DOS version $49. MC VISA. 
OACIS INTERNATIONAL, INC. 

1300 N.W. 99 Ave 
Plantation FI. 33322 
(407) 997-6472 


PC TECH JOURNAL 
MARKETPLACE is a special 
economical section for product 
and service listings. 


Public Domain Software in C 

Over 150 volumes of public domain software for 
MSDOS, UNIX AND CP/M. 

• small expert systems and graphics 

• editors, compilers, text formatters 

• many UNIX-like tools & misc. utilities 
Write or call for more details. Send $10 for 
comprehensive directory. 

6 Users' 
Group 

The C Users’ Group 
P0 Box 97 

McPherson, KS 67640 
(316) 241-1065 


Security Devices 




SECURITY 


ptogramltom hackers and reverse engineering, 
allows you to: 

' Shut down DEBUG systems and disassemblers 
■ Restrict use by dale-range and media-type 

* Embed a secure serial number string. 

• Track unauthorized copies back to their source. 

EVERTRAK Is totally invisible to your end user and uses the 
latest encryption technology 


Az-Tech Software, Inc. 

305 East Franklin 
Richmond. MO 64085 

(800) 227-0644 (816) 776-2700 

READER SERVICE CARD 


BIT-LOCK® SECURITY 

Piracy SURVIVAL 5 YEARS proves effectiveness 
of powerful multilayered security. Rapid decryp¬ 
tion algorithms. Reliable/small port transparent 
security device. PARALLEL or SERIAL port. 
Countdown and timeout options also available. 
KEY-LOCK™ security at about Vi BIT-LOCK cost. 
MICROCOMPUTER APPLICATIONS 
3167 East Otero Circle 
Littleton, CO 80122 
(303) 922-6410 




Designed for user-transparency, clone 
compatibility & strength. It features: 


• no need (or damaged media or I/O plugs 

• supports all Hard & Floppy disk formats 

• file-server networks supported 

• variable number of installs (0-99) 

• create demos with remote unlock option 

• allows protected upgrades by modem/8BS 

• limit program use by date or count 


SI 95 Starter Kit or $495 with NO meter 
counts. Free info & demo disk available. 

r a -7 v Az-Tech Software, Inc. 

305 East Franklin 
Richmond, MO 64085 

227-0644 ( 816 ) 776-2700 
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T he world's leading soft¬ 
ware manufacturers 
depend on Softguard copy 
protection systems. Your 
FREE DISKETTE introduces 
you to SuperLock™ - invisi¬ 
ble copy protection for 
IBM-PC (and compatibles) 
and Macintosh. 

• Hard disk support 
• No source code changes 
• Customized versions 
• LAN support 
• New upgrades available 

( 408 ) 773-9680 

SOFTGUARD SYSTEMS INC. 

710 Lakeway, Suite 200 
Sunnyvale, California 94086 
FAX (408) 773-1405 
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SOFTGUPtRD 


To place your ad in 

Tech Marketplace 
Call (212) 503-5115 or 
(800) 825-4ADS 


TECH MARKETPLACE . . . 

Standard directory listings available. 

To place your ad: 

(212) 503-5115 or (800) 825-4ADS 
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Terminal Emulation 


BARR High-Performance 
RJE Workstations 


BARR/SNA RJE and BARR/ 
HASP are communications 
hardware/software packages for 
the IBM PC and PS/2 series of 
computers. 

Full featured: 

• multiple printers, 

• unattended operation, 

• print speed beyond 6,0001pm, 

• special forms, 

• line speed to 56,000 bps, 

• dial-up or dedicated lines, and 

• serve as a LAN gateway. 

BARR/SNA RJE emulates IBM 
3777-3 in an SNA environment. 
BARR/HASP emulates IBM 
3777-2 and HASP on the 360/20. 
BARR communications 
software is also available with 
PC-SYNC internal modems: 

208AB, 201C, 9600. 

Barr Systems, Inc. 
2830 NW 41 St. BldgM 
Gainesville, FL 32606 
800-BARRSYS or 
904-371-3050 
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EPIRR 


Utilities 



THE SPINDRIFT LIBRARY 


At last!! Now there’s a way for the FORTRAN pro¬ 
grammer to do the things they have always wanted 
to do: Execute other programs via CALL EXEC; direct 
control of the cursor with edit keys; WINDOWS on the 
screen for POP UP HELPs; (*) and (?) wildcard file 
searches; save/restore screen images; COLOR screens. 

These are just a few of the features of the SPIN¬ 
DRIFT Library. Over 150 subroutines and functions 
in all, the SPINDRIFT Library includes DOS Interface 
(COPY, ERASE, MKDIR, FINDF1LE, SYSTEM, etc). 
Variable Length Strings, Security Routines, Date/Time 
Routines, 10 SORT Routines, and much more! 

Price $149 plus shipping/handling 

Write for a DEMO DISK: $5.00 credited toward purchase. 

Specify your FORTRAN Compiler 

Spindrift Laboratories, Ltd. 

116 South Harvard Avenue 
Arlington Heights, Illinois 60005 

(312) 255-6909 
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DISK ACCELERATOR V2.0 

DiskCache speeds up your hard disk access. 
Disk caching and ram disk in one package. Ram 
disk shares cache space. Transparent, flexible, 
configurable, no h/w changes. RAM, EMS, and 
AT extended memory versions incl. Not copy 
protected. VISA, MC, volume discounts. No 
PO’s w/o prior approval. $49.00 
DATAM0RPHICS LTD. 

P.0. Box 820 

Stittsville, Ontario, Canada KOA 3G0 
Or call (613) 831-0409 


Utilities 


T oken-rin/^ 

CONTROL VJ 

PRODUCTIVITY TOOLS is 
indispensablefor network and 
workstation architects. Proven 
in hundreds of installations, 
this package combines all the 
tools you, and your users, will 
ever need. 

• Extensive menuing with context 
-sensitive help (resident and 
non-resident options). 


• Full control of software 
distribution and updates. 


* Intelligent, automated backup 
of any combination of files and 
directories on any workstation. 


• Interactive and programmable file 
management for locating, moving 
and undeleting files. 


• Command line editor with 
synonyms, recall of all previous 
commands plus full screen editing. 


• Temporary connections to shared 
devices plus forced release of 
print jobs. 

ONLY $99. 

Site licenses available 


Applied Automated Engineering Corp. 
65 S. Main St. Pennington, NJ 08534 

(609) 737-6800 


CIRCLE 391 ON READER SERVICE CARD 


SAVE DEBUGGING TIME! 

WATCH-1/0 is a popup utility that shows names 
and technical info of all files in use. WATCH-1/0 
also shows name of last file opened, current 
program name, and last file-not-found. Only 
$49.95 + $5 S&H Visa/MC/CK/MO. 

Quantum Publishing 
23860 Miles Road 
Cleveland, OH 44128 
1-800-342-6237 

A BEAUTY FOR YOUR BEAST 

STILL RIVER SHELL, NEW VER 2.44. Faster 
more powerful version of this popular DOS 
shell. Find copy, move, delete files in a few key¬ 
strokes. "Tagging "Find on name and text "Full 
Tree "User defined commands and more. Unltd. 
site lie. $390. $39 complete with 160pp. man¬ 
ual. MC/VISA. 90-Day No-Risk Guarantee. 

Bill White 
P.0. Box 57 
Still River, MA 01467 
(508) 456-3699 


If you can 
find better 
sort/merge 
software, 
buy it! 


Sortex:® A flexible, general 
purpose sort/merge facility 
which provides you with the 
ultimate in performance and 
reliability 



■ Runs from the DOS prompt, batch file, or 
applications written in Assembler, BASIC, 
COBOL, FORTRAN, Pascal, or C. 

■ Accepts your requirements through the full 
screen menu/panel facility, control file, or 
command line. 

■ Processes most of the commonly used file and 
data types. 

■ Produces output files with key, address, index, 
tag, or full records. 

■ Imposes no practical limitations. Files with four 
billion characters, records & fields with thirty 
two thousand characters each, and unlimited 
number of keys can be handled by Sortex. 

■ Allows records to be chosen selectively for 
processing. 

■ Sorts your records in ascending/descending 
order on any number of keys. 

■ Merges your sorted record sequences into 
one sequence on any number of keys. 

■ Preserves the input order of records on the 
output file if all their keys are identical. 

■ Allows keys to overlap, or be contained 
within other keys. They need not be 
contiguous. 

■ Processes files that contain both standard 
and nonstandard delimiters. 



AT’s DON’T NEED 
360KD DRIVES 


Allows copying of IBM AT files for use on 
IBM PCs, XTs, and compatibles with no 
hardware or software modifications. A 
360K floppy drive is not required. 
,, CPYAT2PC" may reside on your IBM 
AT hard disk and copies 1 file or entire 
subdirectories in 1 step. Price $79. + 
$4 s/h 


MICROBRIDGE COMPUTERS 
INTERNATIONAL, INC. 


655 Sky Way-Suite 125 
San Carlos, CA 94070 
1-800-523-8777 
(CA) 415-593-8777 
(NY) 212-334-1858 


ES 


F3 
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COMPRESS 
YOUR DATA! 


ARC is considered the industry standard archive 
utility. It’s the file storage method used by 
PCTECHIine. And PC WEEK called it “A sophisticated 
and eminently useful product." 

ARC automatically compresses stored data so it 
takes up less space. And less modem transfer time. 
From 20% to 90% less, depending 
All program sources are 
included and it's not copy 
protected. 

ARC 


System 

Enhancement 
Associates 

21 New Street. Wayne. New Jersey 07470CI01) 473-5103 
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PS/2 SERIAL 1/0 DRIVER 

C0M1-C0M8 DOS device driver for PS/2 Mod¬ 
els 50, 60, and 80. Interrupt driven, buffered 
1/0. Loaded via CONFIG.SYS. Extended BIOS 
for buffer control and monitor. All serial lines 
accessible via high level languages or BIOS 
calls. $129.00 + $3.00 S/H. 

Diamond Control Systems, Inc. 

400 W. Bethany Drive, Suite 140 
Allen, TX 75002 
(214) 727-8511 


INSTANT MENUS 

Create colorful, detailed ‘‘pull down" style 
menus for any program... WITHOUT PRO¬ 
GRAMMING! Works with or without a mouse. 
Comes with menus for Word Perfect, Procomm, 
MS-DOS and more. Makes software easier to 
use and minimizes training time by creating the 
perfect user interface. $65. 

Pliable Products 
420 East Broad Street 
Souderton, PA 18964 
(215) 721-7283 


Fix common problems fast! 

1 

You don't need to be an expert to diagnose and correct problems in¬ 
volving PC setup. All you need is HELPME™ software! More than 
300 tests. Quick identification of system configuration and com¬ 
patibility. $99 + S/H. MC/VISA. California Software Products, Inc., 
525 N. Cabrillo Park Drive, Santa Ana, CA 92701, (714) 973-0440. 
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Tech Marketplace 

The home 
of the 

Power Buyer 
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Miscellaneous/ Bar Coding 


VARIANT MICROSYSTEMS 


BAR CODE READERS DELIVER 


WAND/ LASER/ MAGNETIC 
CARD CONECTIVITY 

• Keyboard wedges (Internal/External) for 
IBM PC/XT/AT.PS/2 and portables. 

• RS232 wedges for WYSE. Link. Kimtron terminals 

• Autodiscriminate between codes 3 of 9. 

UPC. EAN.12 OF 5. Codeabar. Code 128 

• Interface with wands, Symbol Technologies' 

LS 7000/8000 and Photographic Sciences lasers 

• Bar code and label printing software 

• Full two year warranty 

• 30 Day Money Back Guarantee 

• Extensive VAR/Dealer Discountsy 


VARIANT MICROSYSTEMS 
3140 De La Cruz Blvd.. 
Suite 200 

Santa Clara. CA 95054 
(408)980-1880 
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II m-n . 

BARCODE BARGAINS 

NEW • WANDERWANDr- 
BARCODE READER 

Think of everything you would ever want in a barcode 
reader and you'll find it in the new ITS 5308 system! 
Programmable • Handheld, lightweight • Simple 
connection with standard RS 232 plug • Hoklsupto 
48.127 characters • Discriminates between label 
codes, time stamp labels • calculates and dumps scans 
• wand included 

ITS 5306 - PC Wand Barcode Reader. 

Emulates keyboard • ReadscodesuPC.Codabar.3of9, 
2 of 5 interleaved • works with IBM PC’s and clones • 
Lowest cost • versatile, nigh quality! 

PCDOS-MSDOS Printing Software. 

Generate your own labels on your existing Matrix 
printer • Call for details 


International Technologies & Systems Corp. 
635 North Berry Street, Suite C 
Brea, CA 92021 
714-990-1880 

[ml GUARANTEED LOWEST PRICES TTTTQf 

|>L| Visa and MasterCard Accepted J 
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Bar Code Reader 


Model PC-WEDGE Reader.$289.0* 

• No software changes necessary 

• For PC/XT/AT or compatible 

• Reads Code 39,2 of 5, UPC, Codabar 

• EZBarcode I printing software included 
EZBarcode I Printing Program 

(ordered separately).$49.00 

• Enter and print Code 39 and UPC-A 

• For dot matrix and LaserJet printers 

• Vary bar code height, spacing, etc. 
EZBarcode II Printing Program ... $99.00 

• Keyboard or text file data input 

• Prints Code 39, Interleaved 2 of 5, UPC-A 

• Automatic incrementing, multiple columns 


dBARCODE™ Program prints bar codes 
from within dBASETII Plus. $99.00 

5 


(TinjeKeeping Systems, Inc. 

12434 D Cedar Road • Cleveland, OH 44106 
(216)229-2579 • Fax:(216)229-2573 


BAR CODES 
MADE EASY 



PERCON® E-Z-READER 

FAST • ACCURATE • RUGGED 

NO SOFTWARE CHANGES with PC/ 
XT/AT and PS/2, AT&T 6300, Wyse 
30/60/85/PC/AT, Kimtron KT-7/PC, Unk 
PCTerm/MC 1 /MC3, TeleVideo PCS 1/ 
905/955 & DEC VT220 keyboards, 
multi-user RS-232 interfaces. 

• Immediate shipment 

• Free phone support 

• 2-year warranty 

Details or Questions? Call us. 

(503) 344-1189 

2190 W.l Ith Ave., Eugene, OR 97402 


PERCON 


Bar Code Headquarters 


Bar Code Readers for PC, XT, AT, 

PS/2, Kimtron, Wyse, Link or any RS- 
232 terminal. Attaches as 2nd key¬ 
board and inputs data as though keyed. 
With rugged stainless steel wand— 
$399 complete. Also Laser Readers, 
Badge Readers, MagStripe Readers, 
and Portable Readers. 

Print Bar Codes on all popular dot 
matrix printers and HP compatible 
laser printers. Menu driven or "user 
callable." All popular bar codes plus 
several sizes of big text up to 1" tall, 
readable at 50 feet. Fast, Easy, Well 
Documented. Several programs from 
S49 to $279. 


Choose from the industry’s largest 
selection of PC related hardware and 
software—direct from the manufactu¬ 
rer/developer. Same day ship. 1 year 
warranty. 30 day money back guarantee. 


^ /ORTHINGTON 


DATA SOLUTIONS 

417 A Ingalls St. (800) 345-4220 

Santa Cruz. CA 95060 CA (408) 458-9938 

CIRCLE 398 ON READER SERVICE CARD 


Tech Marketplace... 

Second Color Option 
Available 

Call (212) 503-5115 or 
(800) 825-4ADS 

For More Information 


BAR CODE & 
MAGNETIC STRIPE 
READERS 

for the IBM PC & PS/2 

Simple & quick installation 
No additional software or port 
Metal wand & case 
Also available: 

Bar code printing software 
Magnetic stripe encoders 
Units for other computers 
& terminals 
GSA pricing available 

TPS ELECTRONICS 
4047 Transport Street 
Palo Alto, CA 94303 
Telephone: 415-856-6833 

Telex: (Graphnet) 371-9097 TPS PLA 
FAX: 415-856-3843 

CIRCLE 399 ON READER SERVICE CARD 


Computer Training 


C Language Training 

Introduction to C (3 days). 

‘Techniques of C (2 days). 

‘Training on your site + expenses. 

Public classes. 5 days @ $895/student. 
Classes given monthly in Collingswood, NJ. 
Call for info. Handouts, Code Examples & 
Textbook included. 

Computer Language Arts, Inc. 

704 Haddon Ave. 

Collingswood, NJ 08108 
(609) 858-2552 


Data Conversion 


Optical Scanning 


Oext, graphics, program lists, 
manuals, etc. concerted to 
micro-computer jormat. Tast 
turnaround time. Surprisingly 
loti prices. 

Call us at: 

1-800-426-3776 


TROPUS, Inc. 

1303 Clear Springs Grace 
Eouistille, Kjj 40223 


CIRCLE 400 ON READER SERVICE CARD 


TAPE/DISK CONVERSIONS 

Conversion services to or from over 1000 com¬ 
puter systems: 

• Magtapes 

• Micro Computers 

• Mini Computers 

• Word Processors 

• Typesetters 

Our conversion capabilities surpass most in the 
industry. 

PIVAR COMPUTING SERVICES, INC. 

165 Arlington Hgts. Rd. #T 
Buffalo Grove, IL 60089 
(312) 459-6010 


Publications 



Save Time and Money 

Over 1000 Hard-to-lind 
Hardware and Software 
Items of Special 
Interest to Technical 


• RS 232/IEEE 488 Networks 

• Stepping & Servo 
Motor Controls 

• Ruggedized PC's 

• Rack Mtg. 80286 & 80386 

• Laboratory Automation 

• 1 MHZ A/D 

• Digital Scopes to 200 MHZ 

• High Speed Bus Adapters 
» Waveform Synthesizers 

• Dataloggers 

• PC Bus Expansion Chassis 

• And Much More 


A How-to-Handbook that 
enables you to configure the 
BEST products from the world's 
leading PC hardware and 
software vendors into risk free 
turn-key system solutions that 
meet your needs. 

Toll Free Hotline for application 
assistance and convenient one 
stop shopping at competitive 
prices. 100% Satisfaction 
Guaranteed. 


203 - 786 * 5151 ^' P.O.Box 9565, New Haven, CT 06536 

(9:00 AM to 5:00 PM E.S.T) Fax: 203-786-5023 Telex: 9102501037 

CIRCLE 294 ON READER SERVICE CARD 


Supplies 


FIND THE WIDEST RANGE 
OF DP WORKSTATIONS, 
ACCESSORIES 
& SUPPLIES 
IN THIS FREE 
GLOBAL 
GUIDE 
DIAL 
1 - 800 - 8-1 

mGLOBAL 

COMPUTER SUPPLIES 

45 South Service Road, Plainview, NY 11803 

CIRCLE 365 ON READER SERVICE CARD 
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GO 


All Items In Stock > 
100% Guaranteed 
Call For Our Monthly Specials 


3.5" D8/DD 

■ MAXELL 

1.25 

> ■ SONY 

1.29 

[ ■ DATA8AFE 

1.09 

5.25" DS/HD 

; ■ TDK 

1.29 

■ DATASAFE 

.89 

1 5.25" DS/DD 

l ■ MAXELL 

.64 

! ■ VERBATIM 

.59 

3M 

.57 

\ ■ DATASAFE 

.39 


U 

2 Prices based on 200 Disks 
Includes Labels, Sleeves & Tabs 

in nj 800-426-0247 fax 

201-892-5655 201-892-6186 

PRINCETON 
\W DISKETTE 

432 Mecarthur Dr ■ Brick, NJ 08724 . 


CIRCLE 366 ON READER SERVICE CARD 


Tech Marketplace 

To place your ad 
Call (212) 503-5115 
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PROFESSIONAL 

VIEWPOINT 

The focus is on prototyping, planning, and quick coding 
to streamline development, but tools vary considerably. 


JORDENE ZEIMETZ 



M %/ T hen you launch a software de- 
velopment project, does your 
T T experience resemble (a) “Lost In 
Space” or (b) a flight aboard the Con¬ 
corde—smooth, fast, and focused? 

The primary strategy to streamline 
systems development, say respondents 
to an informal PC Tech Journal reader 
opinion poll (August 1988), is to pro¬ 
duce a prototype of the system and get 
feedback from users. Prototyping can 
identify potential problems, focus direc¬ 
tion, and ensure happier users. 

A second priority for streamlining 
systems development is good advance 
planning. (For more on systems plan¬ 
ning, see “Outfitting the End User,” 
Peter Coffee, this issue, p. 151.) Priority 
three, say respondents, is writing, edit¬ 
ing, and compiling applications’ code 
using faster tools. 

When it comes to achieving these 
goals, the specific tools vary consider¬ 
ably. Most respondents have an arsenal 
that includes prototyping and com¬ 
puter-aided systems engineering (CASE) 
tools, debuggers, compilers, editors, 
and languages from various vendors. 

Those developing systems for 
larger companies tend to use compre¬ 
hensive CASE tools, while those build¬ 
ing applications for smaller clients pre¬ 
fer to mix and match individual tools. 
Of CASE tools, Excelerator from Index 
Technology is mentioned most often; of 
prototyping tools, Dan Bricklin’s Demo 
Program from Software Garden is most 
frequently singled out. Solution Sys¬ 
tems’ brief editor and Microsoft’s Code¬ 
View debugger are also popular. 

Code generators, which automati¬ 
cally generate executable code from 
design specifications, are relatively 
immature in the PC market, but several 
respondents say they either use them 
or intend to. “I plan to purchase Matrix 
Layout [a screen generator from Matrix 
Software Technology Corporation],” 
says John Williams, president of XL Sys¬ 
tems Inc. in Renton, Washington. 


On a hardware note, computer 
specialist Jim Wheelock, of Prudential 
Insurance in Woodland Hills, California, 
speaks for several respondents, saying 
he uses “tine fastest machines possible 
[so I can] spend time being creative, 
not waiting.” 

A MODEL SYSTEM 

While it may seem that developing a 
prototype is time consuming, respon¬ 
dents agree that it actually saves time 
and, in the long run, money. 

“Prototyping allows us to get feed¬ 
back to see if we are on the right track.’ 
It removes the need for extensive de¬ 
sign specifications, [resulting in] better 
systems and happier users,” says pro¬ 
grammer/analyst Dean Campbell of Salt 
Lake City Corporation in Utah. 

Even beyond prototyping, respon¬ 
dents stress the need for continuous 
user interaction. Craig A. Richmond, 
manager of finance systems at Prince¬ 
ton University in New Jersey, says that 
“technical tools and methodologies 
aside, the real guts of design work is 
communication —users, managers, ana¬ 
lysts, and programmers sitting down 
and discussing needs and concepts.” 


What tools or techniques do 
you use to streamline the sys¬ 
tems development process? 



PLANNING STRATEGIES 

For most, advance planning means tak¬ 
ing a structured approach to systems 
development, using data from the anal¬ 
ysis phase in the design process, and 
standardizing modules so they can be 
reused. One in five respondents de¬ 
pends on CASE tools to automate struc¬ 
tured planning and design. (For an 
overview of CASE tools, see “The CASE 
For Structured Development,” Carma 
McClure, August 1988, p. 50.) 

“Excelerator allows me to model 
requirements and system design in a 
simple project database,” says Scott 
Whitmire, president of Advanced Sys¬ 
tems Research, Ltd., Renton, Washing¬ 
ton. “Using the same data in analysis 
and design saves time and promotes 
consistency.” 

“I automate every step so I can 
concentrate on design and debugging 
rather than on remembering the devel¬ 
opment steps. I use batch files, MAKE 
files, DOS enhancement tools, editor 
macros, and so on,” says Robert Kir- 
cher, process engineer, Willamina Lum¬ 
ber Company, Portland, Oregon. 

Todd Fritsche, manager of research 
and development, Foodcom Inc., Mal¬ 
vern, Pennsylvania, says, “We make sig¬ 
nificant aspects of an application (such 
as file maintenance and screen I/O) 
modular, maintaining a high level of 
interprocess communications among 
modules. Fourth-generation language 
(4GL) systems make design and inte¬ 
gration of these modules easier.” 

THE EAGLE HAS LANDED 

Respondents are looking for ways to 
plan better, to get user input more fre¬ 
quently, and to prototype faster. They 
want quick development languages, 
such as 4GLs, and fast, fully functional 
editors, compilers, and debuggers to 
speed coding and debugging. Many are 
also starting to look at code generators, 
indicating that potential market growth 
is high for these tools. I *"1111 ^1 
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ALR FlexCache 25386 


ALR FlexCache 25386DT 


ALR FlexCache 20386DT 


Compaq Deskpro 386/25™ 


ALR elevates you to the 
top faster and still 
saves you 
money. 


Compaq Deskpro 386/20™ 
Model 60 - 20MHz 
499.00 


Compaq Deskpro 386™ 
Model 40- 16MHz 
00 


o 386s Tf 


Elevate 

^ to the top with ALR. 

Advanced Logic Research, located 
in Irvine, California, was the 
world's first manufacturer to offer 
an 80386™-based system back in 
July of 1986. With those years of 
experience we can get you to the 
top of 386™ performance faster. 

And we can get you there for less. 
Our FlexCache 20386DT rises 
above Compaq's Deskpro 386s™, 
386™ and 386/20™ in performance 
and still costs thousands of dollars 
less. Even the 25MHz FlexCache 
25386DT is less expensive than the 
20MHz Deskpro 386/20 Mod. 130. 
While the tower-style FlexCache 
25386 skyrockets to the top above 
all others in standard options, 
performance and expandabiF 

Elevate to the top 
in 386 performance. 

Flow are we faster? 

Our systems feature 
the proprietary 
FlexCache archi¬ 
tecture. Since 
90% of all data 
transfers relate directly to the 
memory bus, providing separate but 
concurrent main memory and I/O 
peripheral buses maximizes system 
performance. The FlexCache 
20386DT uses the 82385 cache con¬ 
troller with 32KB of 35ns cache mem¬ 
ory and comes with 1MB of 32-bit 
80ns RAM. PC Magazine, the world's 


most widely-read in¬ 
dustry publication 
advises, "Well, for 
once the answer isn't 
to run right out and 
get your hands on a 
Compaq Deskpro 
386/20. Rather it's to 







20MHz Systems 


25MHz Systems 

ALR™ 

FlexCache 

Compaq™ 

DESKPRO 

ALR™ 

FlexCache 

ALR™ 

FlexCache 

Compaq™ 

DESKPRO 

20386DT-R66 

386/20 Mod. 60 

25386DT-120E 

25386 Mod. 150 

386/25 Mod.110 

80386, 20MHz 

80386. 20MHz 

80386. 25MHz 

80386, 25MHz 

80386, 25MHz 

1MB standard 

1MB standard 

1MB standard 

2MB standard 

1MB standard 

32KB, 

82385 

Cache (35ns) 

32KB, 

82385 

Cache (35ns) 

64KB, 

EE 82385 
Cache (25ns) 

64KB, 

EE 82385 

Cache (25ns) * 

32KB, 

82385 

Cache (25ns) 

4.71 MIPS* 

4.59 MIPS* 

6.06 MIPS* 

6.06 MIPS* 

5.50 MIPS* 

66MB (28ms) 
RLL, 1:1 

60MB (30ms) 
RLL, 2:1 

120MB(28ms) 
ESDI, 1:1 

150MB(28ms) 
ESDI, 1:1 

110MB (25ms) 

ESDI, 1:1 

16Bit VGA $399.00 

16Bit VGA $695.00 

16Bit VGA $399.00 

l6Bit VGA standard 

16Bit VGA $695.00 

$4590.00* 

$7499.00* 

$7590.00* 

$9499.00* 

$10,299.00* 


nuutxsb*y penumidiuc uclxxj i woi 

Prices ard corfgurations as of JiJy, 1988 and subject to change. 


get your hands on an ALR FlexCache 
20386." 

-First Looks , March 15,1988 - 

Similarly, both the FlexCache 
25386DT and tower systems use the 
Extended Emulation cache 
controller with 64KB of 25ns cache. 
This is twice the cache size of 
Compaq's 386/25™. And because 
our proprietary cache controller was 
designed parallel to the CPU, data 
moves even faster and eliminates the 
typical 1 wait-state penalty on a 


tommorrow's most popular applica¬ 
tions will run faster while saving you 
money. That's why world ^e- 
scribes ALR as having, "staked out a 
position for its systems; better per¬ 
formance at a lower price." 

Take yourself to the top with ALR's 
systems. These quality, high-per¬ 
formance PCs are backed by a full 
one-year warranty with optional 
on-site servicing provided by Intel. 
For more informa¬ 
tion and the loca- 


Kesearch now earns 
top honors with its ALR Flexcache 
25386,"exclaimed PC Magazine, 
September 13,1988 ^ 

Because of our commitment to pro¬ 
vide compatible hardware, our sys¬ 
tems are tested to run MS-DOS™, 
OS/2™ and 9COUNIX™. They’re 
also Novell™-tested and authorized 
fileservers. That means today's and 

Circle No. 118 lor end-user. No. 116 for reseller. 


1-800-444-4ALR 


Advanced Logic Research, Inc. 

9401 Jeronimo, Irvine, CA 92718 
(714) 581-6770 FAX (714) 581-9240 
Asia Pacific, Europe and Middle East call: 
ALR/Wearnes Technology (Singapore) 
(65) 2592521 FAX (65) 2595064 
TELEX: RS 38113 WRNTEC 


FlexCache 20386DT,25386 and 25386DT are trademarks of Advanced Logic Research, Inc. 80386 and 386 are trademarks of Intel Corp. Compaq and Compaq Deskpro 386,386s, 386/20 
and 386/25 are trademarks of Compaq. MS-DOS and OS/2 are trademarks of Microsoft Corp. SCO is a trademark of The Santa Cruz Operation. UNIX is a trademark of AT & T. Novell is a 


and 386/25 are t 
trademark of Novell Inc. 
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Introducing REMOTE 2 
It’s never been so easy to do so much 
in distant PC operation. 

Until now, to have this kind of flexibility and control 
over a host PC, you’d have to be in the same room. 

Now, even if you’re thousands of miles away, REMOTE 2 
allows you to operate a host PC’s application software with 
total control and exact mapping of the host keyboard.. .fast 
file transfers even while an application program is running 
... remote printer redirection... an error-checked, data- 
compressed link even with conventional modems.. .and 
CGA color graphics. 

REMOTE 2 comes in two parts-R2HOST and R2CALL- 
available together or separately, so you can create the 
combination to meet your exact needs. R2H0ST is also 
accessible from most terminals and terminal emulators. 


REMOTE 2 is packed with features users have asked 
for. A choice of three distinct automatic and manual 
answering modes. Directory-to-directory file transfers 
using a half-screen display of host files. Proprietary file 
transfer protocol with redundant file skipping and partial 
file regovery (other popular protocols also supported). A 
“Phone Book” that facilitates one-entry calls from listings 
of names, numbers, and passwords. Host call-back capa¬ 
bility. Integrated, context-sensitive help system. LAN 
access. Mainframe access to an IBM host with IRMA. 

And more. 

Discover the new remote control program from the 
makers of CROSSTALK. Ask your dealer about REMOTE 2 
or write us. 

REMOTE 2 

CROSSTALK COMMUNICATIONS/IOOO Holcomb Woods Parkway, 
Roswell, Georgia 30076/(800) 241-6393 
A Division of Digital Communications Associates, Inc. c!cci 

CROSSTALK is a registered trademark of Digital Communications Associates. Inc./CASL, IRMA and Smart 
Alec are trademarks of Digital Communications Associates, Inc./CompuServe is a registered trademark of 
CompuServe, Inc., an H&R Block Company 
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